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SUAMARTR Y 
Egg weight and body weight in the fowl are genetically positively 
correlated so that a change in one of the traits in a given direction is 
expected to be accompanied by a change in the same direction in the 
other. It in probably to the net economic advantage of the poultry 
breeder, however, to attempt to select these two traits in opposing 
directions, i.e. reduced body weight but increased egg weight, provided 
rate of lay is not impaired in the process. 
This thesis is concerned with describing the results of a 5—year 
selection experiment which set out to test the feasibility of selecting 
for lower body weight or higher egg weight without incurring the 
expected associated change in the correlated trait. 
Four sub—lines were established within each of 2 strains (52 and 
55) of White Leghorns, while a pedigreed, random—bred population also 
derived from the same base population was maintained as a control line 
within each strain. The selection lines comprised:- 
Selection for increased egg weight (Egg Weight line). 
Selection for decreased body weight (Body Weight line). 
Selection on the value of the ratio of the individual 
hen's egg weight to body weight (Ratio line). 
49 Selection on an index taking the form, I - Egg Weight - 
(b) Body Weight (Regression line), b in this instance 
being the calculated average genetic regression of egg 
weight on body weight in the base populations. 
- ii - 
Both body weight and egg weight had estimated heritabilities of 
approximately 0950 from variance analyses in the base populations and 
a genetic correlation between the 2 traits of the order of +0.3 to 
+0.4. 
Selection for high egg weight or low body weight in lines 1 and 2 
over 5 generations was apparently equally effective (realised 
heritabilities around 0.40). Body weight selection was accompanied 
by a marked correlated decline in egg weight, but in the case of egg 
weight selection the expected correlated increase in body weight was 
only observed in 52 9 pointing to some asymmetry in the correlated 
responses in 95. 
Selection in lines 3 and 4 over only 4 generations has altered 
the relative egg weight to body weight relationship in both strains 
more effectively than single trait selection. The Regression lines 
had the highest mean egg weight, the increase amounting to as much as 
12 per cent, while body weight has remained constant. On the other 
hand, the Ratio lines had substantially the greatest proportionate 
egg weight, body weight having been reduced by 16 per cent and 22 per 
cent in 52 and 95 respectively* Fgg weight increased concurrently in 
32 by 2 to 3 per cent, while a reduction of 11 per cent was noted in 
95 (compared to a decline of 16 per cent in egg weight in the 55 Body 
Weight line). 
The effect of these selection procedures on the overall economic 
and biological efficiency of the strains is discussed at length. It 
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would appear that a substantial decline in egg production, which cannot 
be accounted for by inbreeding, has occurred within the Regression lines, 
although egg nusbere have possibly increased as a correlated response in 
the Ratio lines. 
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1. INTRODUCTION 
Within the last two decades there has been an obvious trend on the 
part of commercial poultry breeders to develop a small light-weight hybrid 
for egg production, replacing the heavier, dual-purpose egg and meat 
producing bird, on account largely of the development of intensive systems 
of production in which density of stocking and efficiency of feed 
utilisation have assumed major importance and the value of the cull bird 
has declined. 
Under such conditions of intensive husbandry the economically most 
successful strains will be those having the smallest body size (weight) 
consistent with reasonable egg production, egg size and viability. The 
question arises as to how much further body weight can be reduced by genetic 
selection before a decline in these other criteria of performance negates 
any advantage gained from a saving in food costs. Body weight influences 
the quantity of food the bird requires for its own body maintenance while 
the food consumption above that required for maintenance is widely assumed 
to be linearly related to the level of egg output (Brady, 195; Wells and 
Clawson, 1933) although these general assumptions are unlikely to be strictly 
and universally valid (Hansen and 1ighell, 1952; Heady et al., 1966). in 
broad terms, however, it can be considered that the food required for 
maintenance represents a fixed cost and is determined largely by the bird's 
body weight, the larger bird being more costly to maintain, unless it 
compensates by giving a higher output of egg. Since many commercial strains 
of egg-type poultry appear to have "plateaued" in any case as regards egg 
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numbers, selection to reduce body weight still further would appear to 
offer the next beat means of effecting an improvement in the overall 
economic efficiency of the commercial layer, provided egg output is not 
impaired in the process. 
Egg weight itself, although probably of lesser importance within 
Limits, is economically vital in so far as mean egg weight will determine 
the relative proportion of eggs falling into the heavier weight 
classifications which carry additional price benefits to the egg producer, 
generally out of proportion to the actual additional egg mess involved. 
It may be possible using appropriate breeding techniques to raise meafl egg 
size without increasing body weight or reducing egg numbers. 
One question common to either breeding objective is that of the degree 
of relationship between body weight and egg weight and the extent to which 
the relationship may change as the mean value for the traits changes, or 
the extent to which the normal association between the two traits may be 
modified using appropriate selection procedures. 
This thesis is concerned with describing the results of a five year 
selection study which set out to test to what extent either body weight 
could be reduced or egg weight increased without the concurrent decrease in 
egg weight or increase in body weight respectively that would be predicted 
on the basis of the genetic correlation between these traits. 
Acknowledgment: This study was wade possible through the financial support 
of the Agricultural Research Coulicil (Research Grunt 
ca5/21). This support for part of the period of the 
experiment is gratefully acknowledged. 
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2. itLViE 
£ingst non-domesticated species of birs there is an obvious 
phenotypic relationship, generally, between the mean egg weight and mature 
body weight of the species, egg weight increasing linearly with body weight 
(Hsinroth, 1922; Huxley, 1927). 
The egg of the Ostrich (ruthi.o caaslus) weighs about 1.6 kg. and is 
the largest of any living bird, but is only about 1.75 per cent of the bird's 
body weight. Some of the smallest species of birds lay eggs which may weigh 
-1O per cent of their body weight; in some instano•s more. The iiwi 
(Apteyx australia), for example, lays eggs which weigh more than 34 per cent 
of its own adult body weight. There is a ãeoided tendency within azy given 
family of birds, which itself will tend to have a characteristic egg to body 
weight relationship, for the smaller species to have proportionately heavier 
eggs than the larger species. This has been pointed out by Lack (1968), 
amongst others, who suggests that the expl anation in an evolutionary context 
is probably that since the smaller chick from the smaller species has a 
proportionately 1arer surface are& and will lose heat more rapidly, it is 
likely to require proportionately more food reserves and hence a proportionately 
larger egg. 
Lack (196111) lists the proportionate egg weight of 50 species within the 
family Phasianica• of which the domestic fowl is a member and he quotes the 
wild Red Jungle Fowl (Jallus gaflus r1:hij) as having an adult body weight 
of 800 grams and a proportionate egg weight of 3.5 per cent. The other 
species listed range in their proportionate egg weights from 2.6 per cent to 
13.7 per cent. The typical domestic fowl is quoted, by comparison, as 
laying an egg which will be 3.9 per cent of the adult body weight quoted 
of 1,500 grams, i.e.  an egg weighing between 58 and 59 grams. The 
difference in proportionate egg weight between it and its wild relative is 
taken to be evidence of the strong selection which has been directed to 
breeding for larger eggs solely for human consumption in commercial flocks 
Of poultry. However, the average adult body weight and proportionate egg 
weight quoted above are difficult to accept as characteristic of modern 
strains of commercial fowl in practice. Morgan and Carlson (1968) suggested 
that the eggs from year old hens from commercial strains averaged 3.3 per 
cent of the bird's body weight, with a range between strains of from less 
than 3 per cent to 3.6 per cent. 
It would thus appear that the average egg weight/body weight relationship 
way not have been all that radically altered in spite of the changes effected 
by breeders in the performance characteristics of modern strains of poultry. 
Lerner (1951) concluded that mean egg size in commercial strains of poultry, 
however, had reached a level at which reproductive fitness was impaired 
having passed beyond the optimum with respect to its biological fitness. 
Studies of breeding populations of domestic fowl have indicated that egg 
weight and body weight are moderately strongly positively correlated with one 
another, both phenotypically and genetically. 	(Abplanalp, 1956; King, 
1961; King et , 1963; Clayton and Robertson, 1966; Kinney 2t 41, 1968). 
The genetic correlations found by all of these researchers would tend to 
confirm the prediction that as the breeder selects for increased egg weight, 
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ou.y weight will tend to increase concurrently. Alternatively, if he 
attempts to reduce body weight he will run up against the problem of a 
correlated decrease in egg weight. 
The existence of even a moderately strong genetic correlation 
(r = + 0.3 - o.i.) does not, however, imply that the overall broad 
relationship between mean body weight of the bird and its mean egg weight 
is absolute and that the degree of their association cannot be altered 
using appropriate selection procedures. 
A genetic association, as indicated by a genetic correlation between 
any two traits, can arise from two possible causes. Firstly, the traits 
concerned could conceivably be partly controlled by individual genes or 
blocks of genes which are closely linked on the same chromosome. This 
form of association of characters might be expected if a population derives 
from a recent cross between markedly disparate breeds or strains. In this 
case, there will be a tendency for the association of similar characteristics 
present in the parent strains to persist in the cross-bred population until 
linkage equilibrium is re-established after several generations have elapsed, 
when the genetic correlation between the two characters ought to have 
disappeared completely. The degree to which the connection will persist, 
therefore, will depend upon the degree of linkage between the particular 
genetic loci involved (Robertson, 1961). 
The more likely basis, however, of a genetic correlation in many 
instances is that individual genes have a direct physiological effect on 
more than one trait, i.e. a certain proportion of the genes which are 
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aegregatin are pleiotropic in their action. Considering the specific 
case of the genetic association between body weight and egg weight in 
poultry, presumably many genes exist which affect either trait 
independently of the other, but as most populations of fowl have been 
subjected to several generations of selection for larger egg size, and 
perhaps also to a lesser degree small body size, many of these independently 
acting genes having major effects are now approaching frequencies of near 
zero or one. Once this has occurred, most of the remaining genetic 
covariance will arise from genes which affect the trait in a similar 
direction. However, if the genetic correlation between body weight and 
egg weight, for example, (which after all are only moderately positively 
correlated) arises from pleitropy of only a proportion of the genes 
concerned, then it should be possible to select for genes which affect 
either egg weight or body weight alone. 
Reeve (1950) reported a genetic correlation of -0.7 between wing 
length and thorax length in roaophila znelanogaster. In spite of the 
apparent high degree of association between these morphological traits, 
Robertson (1962) succeeded in altering the wing length to thorax ratio over 
10 generations by as much as 30 per cent through selecting solely for high 
and low values of the wing length/thorax ratio. There was no evidence 
that the response to selection had ceased by the time the experiment was 
terminated. Nearly all of the difference effected in the ratio was due to 
changes in wing length; thorax size having been virtually unaffected by 
the changes in relative wing size. There is no doubt in this instance 
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that genetic variation in wing length independent of thorax size is both 
appreciable and highly heritable, in spite of the existence of a strong 
positive correlation between the two traits. 
Cookrem (1959) reported an experiment in the mouse in which he 
demonstrated quite clearly that it was possible to make fairly rapid 
progress in selection for relationships between body weight and tail 
length different from those predictable from the expected correlated 
response based upon the genetic correlation between these two characters 
(rg - + 0.6 - 
Clayton (1968) comparing the performance of a number of commercial 
strains of poultry in random sample tests in the United States of America 
drew attention to at least one example of a strain in which egg weight 
showed a marked divergence from the average. The strain in question 
had the lowest mature body weight and yet was one of the highest in 
mean egg weight. This fact, combined with a high rate of egg 
production, resulted in this particular strain proving the most profitable 
overall when judged on the basis of total income over food costs. On the 
other hand, the control strain cited in the same paper and in which, of 
course, all intentional selection had been relaxed, provided another 
example of a notable divergence in the average body weight/egg weight 
relationship. In the latter case it was one of the heaviest strains with 
by far the smallest egg size. 
Festing and Nordakog (1967) reported some results from a selection 
experiment in the fowl in which two lines had been established in which 
selection was intentionally directed towards creating a divergent response 
in body weight and egg weight; one line having been selected for large 
body/small egg and the other for sinai] body/large egg. Results up to the 
eighth generation of selection (Nordskog, unpublished) indicated that the 
two traits continued to diverge, but that the changes from selection for 
body weight appeared to swamp out much of the opposing selection for egg 
weight. Egg weight (55 weeks of age) in the large body/small egg line 
had declined to only 2 per cent of the body weight, while it was equivalent 
to 4.5 per cent of the body weight in the small body/large egg line. 
The selection procedures which were adopted in the present study with 
the view to examining the extent to which the egg weight/body weight 
relationship could be altered in 2 egg-type strains, comprised, in the 
first instance, a selection for maximum values of the egg weight/body 
weight ratio. Since smnller birds tend to lay disproportionately larger 
agga anyway, selection on a ratio value would tend to select smaller than 
average individuals, while maintaining a relatively satisfactory egg weight 
by comparison with selection purely for lower body weight. 
The second experiment entailed selecting birds whose egg weight 
exceeded a predicted egg weight based upon the average regression of egg 
weight on body weight within the population. Such a procedure would again 
tend to select birds laying a disproportionately large egg, but without, in 
this case, altering body weight significantly. 
Apart from the obvious "academic" interest in these selection 
procedures, they are also worth testing as a relatively simple selection 
technique for use, for example, within strains in which egg numbers have 
ceased to respond to further selection. iviany commercial strains appear 
relatively intractable to continued selection for increased egg production. 
(Dempster et al., 1952; Jickerson, 1953; 1963; Yamada et al., 1958; 
Clayton, 1968). If it is possible to make notable gains in egg weight, 
or to achieve a marked reduction in body weight without adversely 
affecting egg numbers, this might prove a more fruitful short-term 
approach to improving the overall economic worth of strains apparently 
plateaued for egg numbers . 
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3. MATERIALS AND METHODS 
3. 1 Description of Base Populations 
Some details concerning the strains used in this study have already 
been given by Clayton and Robertson (1966). However, a further 
description of these strains will no doubt be pertinent hers. 
Two distinct strains had been maintained as completely closed flocks 
on the University farm for 5 years at the time this study was initiated. 
The two flocks were each derived from initial small samples of between 
40-60 chicks hatched in 1956-57 from eggs obtained from two commercially 
successful White Leghorn strains. Flock matings were adopted during the 
subsequent two seasons to multiply up each strain to a flock size of around 
1,000 pullets housed in the laying house. 
These two strains have been designated Strain 2 and Strain 5, 
implying that probably at least another three were introduced at the same 
time, but only the two mentioned were retained. These two were more than 
likely continued on account of their worthwhile performance, particularly 
when crossed together, as confirmed by the relative success of a strain—
cross entry in a subsequent commercial random sample egg production test 
in 1959 (see Table 1). The overall economic success of this particular 
cross, however, declined relative to competing entries from commercial 
breeders over the 4 year period up to 1963 9 ranking tenth out of a total 
of 20 entries in the last test entered, compared to its position in the 
1959/60 test when it was placed second. 
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T4J3LE 1 
Performance of strain-cross entry (Strain 2 x 5) in the 
B.0.CSM. 500 day random sample teat, Stoke .4ndevil].e 
Number of eggs per 
Year Number of Final ranking in 
Pullet housed 
Entries Test Test Strain 
(Income over Food Coats) Average Cross 
1959-60 15 	(29) 2 194 227 
1960-61 18 (30) 4. 186 207 
1961-62 20 	(27) 6 152 158 
1962-0 20 (4.5) 10 217 222 
( ) sample size; number of pullets housed at point of lay 
* Terminated after 32 weeks production due 
to outbreak of Fowl Peat at teat location 
There is no evidence that the egg production potential of the cross 
had declined as a result of relaxed selection over the period in question. 
The placing of the entry in these teats had declined, therefore, presumably 
largely on account of improvements effected in other breeders' stocks 
rather than because of a deterioration in the components of overall 
economic performance in the cross, unless mean egg size had deteriorated. 
Clayton and Robertson (19t6) have presented data on the wean performance 
of relatively large populations of the two strains over the three year period 
1959-62 while the strain were random-mated (Table 2). It would appear from 
their data that egg size had reached an unsatisfactory level,, particularly in 
Strain 5 in which the mean egg weight was some 4-5 grams below what is 
norma.fly considered an acceptable level coweerc 4 11y. This drop in egg 
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weight most probably occurred, however, as a result of genetic sampling 
during the multiplication period itself and there was no evidence of any 
further decline in egg weight as a result of relaxation of selection over 
the period 1959-62. 
TABLE 2 
i4ean Performance, Strain 2 and Strain 5, 1959-1962 
(Clayton and Robertson, 1966) 
Body Weight at 44 weeks 
(grams) 
Egg Weight at 44 weeks 
(grams) 
Egg Production of Survivors 
to 44 weeks 
Percentage Production 
Sex. Maturity (Age at let Egg) 
(weeks) 
Laying House Mortality 
(per cent) 
Strain 2 Strain 5 
iean 6p ean p 
2,04.9 204. 1,995 212 
57.1 3.5 53.0 3.5 
108.4 23.4. 101.1 22.2 
76.7 - 75.8 - 
23.8 1.7 25.1 1.5 
5.4 	- 	14.3 	- 
The deficit in egg size in the resultant strain-cross is clearly 
reflected in the average egg grading results for the strain-cross under 
test with other commercial entries (Table 3). These relatively 
unsatisfactory grading results gave a sound practical reason for the 
decision reached to initiate an experiment which partly aimed at selecting 
for improved egg size. 
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The information in Table 2 does not strictly allow a direct 
comparison in the performance of the two strains because they were not 
contsmoraneoug, nor housed to0ether. Strain 2 9 however, would appear 
to have the slightly heavier body weight, higher mean egg weight anti 
lower laying house mortality. The advantage in Strain 2 of almost two 
weeks' earlier aversge age at first egg is not an apparent intrinsic 
difference between the two strains, but was attributable to variation in 
the liht pattern experienced by the winter/spring hatched strain 
(Strain 2) compared to the autumn hatched strain (Strain 5) when reared 
and housed in windowed quarters. Taking this environmental difference 
into account, there would not appear to be much between the strains as 
regard.s egi, laying ability; mean percentage hen-day production being 
more or less identical for the two populations. 
Of particular value in the selection experiment to be undertaken 
was the existence of reasonably precise estimates of the genetic 
parameters within the populations prior to the initiation of selection 
(Clayton and Robertson, 1966). These are reproduced in Tables 4 and 5 
and were consulted in later computations invo1vin the prediction of 
selection responses referred to later in this thesis. These estimates 
had particular merit in that they had been derived within 2 random-bred 
populations which had undergone no intentional selection for arw 
specific trait over several generations. 
TABLE 3 
Average egg gradina of strain-cross entry 
(National Poultry Tests Limited 
1965-66 random sample egg production test) 
Percentage of eggs laid: 
" Large" tIanard.II "Medi 1 	 11  Small" 
7th month 	2.2 	( 22) 6,5 	(17.9) 591 (61.3) 	22.8 	(13.7) 
8th 	" 	 1.6 	
( 2.9) 31.6 	(52.6) 61.2 (41.6) 
10th 	" 	 8.2 	(17.2) 64.2 	(64.5) 19.8 (10.9) 
11th 	" 	 20.5 	(34.0) 62.7 	(53.8) 8.6 ( 	 .4) 
( ) = Average gradings for all commercial entries 
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TtBLE 4 
Genetic parameters of principal performance traits (Strain 2)* 
	
Egg 1403. 	oexual Body Vieight 	Eg V.eight 	(part 
Record) 
12 	28 	44 	28 	44 20-44 	(Age 1st 
weeks weeks weeks weeks weeks weeks Egg) 
Genetic Correlations (r6 ) 
Body Weight: 
12 weeks 	 0,50 0,65 	0,55 0.19 0.17 	0.11 	-0.33 
28 weeks 	 0.46 0.91 0.31 0,25 	003 	-0,01 
44 weeks 	 0.43 0.33 0.25 	0.02 	-0.07 
Egg .eight: 
28 weeks 	 0.49 0.95 -0.21+ 	0.11 
44 weeks 	 0.53 -0.27 	0.12 
Egg Numbers: 
(Fart i.ecord) 
20-44 weeks 	 0,27 	-0.60 
Sexual Laturity: 
(Age 1st -iii) 	 0.27 
6. 	g. 	6. 	g. 	g. 	eggs 	wk. 
94 163 204 3.2 3.5 10.0 1.7 
Clayton and Robertson (1966) 
A).l correlations and heritabiljtjes based on joint 
sire and dam components of variance and covariance 
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TABLE 5 
Genetic parameters of principal performance traits (Strain 5) * 
1gg Nos. 
Body Weight 	Egg Weight 	(Part 	
Sexual 
record) turity 
12 	28 	44 	28 	44 	20-44 (Age 1st 
weeks weeks weeks weeks weeks weeks 	Egg) 









0.66 	0.76 	0.72 0.4.1 0.4.7 0.11 -0.13 
0.65 	0.94 0.42 0,4.7 -0.09 0.11 
0,58 0.4.6 0.56 0.13 -0.04. 
	













9. 	go 	go 	go 	g. 	eggs 	wk. 
94. 173 212 2.8 3.5 9.5 1.5 
*After Clayton and Robertson (1966) 
All correlations and heritabilities based on joint 
sire and dam components of variance and covarianoe 
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3.2 Control Populations 
The flocks just described not only provided the base populations for 
the selection study, but were also continued as unselected control 
populations to assist in the interpretation of genetic change. Any 
precise check on the agreement between actual and expected response in a 
selection experiment extending over several years depends upon 
differentiating clearly between actual genetic and purely environmental 
trends • This necessitates having some type of unselected control 
population available with which the selected population(s) can be compared. 
Control populations have been used for some time in selection studies with 
laboratory animals, e.g. Drosophila (Robertson, 1955). The virtual 
absence of any control in selection studies with poultry until recent years 
may cast some doubt upon some of the conclusions of earlier selection 
experiments. (See, for example, Pearl and Surface, 1909; Uryden, 1921; 
Hall, 1934; Lamoreux et al., 1943; Lerner,  1950; Dickerson, 1955). Use 
of some semblance of a control population, however, has been used in a few 
selection studies with poultry (Hutt and Cole, 1947; 1953; Sller, 1956; 
Abplanalp, 1960; 1962) but in all of these experiments the control 
populations have been of limited size and usefulness. 
The first fuiLction of a control population is to serve to assess the 
magnitude of short-term fluctuations in the environment and to furnish a 
means of correcting for them. The second and more difficult function to 
ensure, is the provision of a population which we can safely assume will 
remain genetically constant between generations. "Relaxed selection" 
MWIM 
control strains in which there is no deliberate selection have been proposed 
to provide genetically constant controls (Cowe and Johnson, 1956; Gowe 
et al., 1959a)  and a randomly mated flock of White Leghorns has been used 
to interpret results of genetic selection in poultry (Cowe et al., 19594 ; 
1963). 
On the other hand, King et al. (1959; 1963) have described the 
maintenance of a pedigreed control population in which an attempt was made 
to eliminate, as far as practicable, the possibility of natural selection, 
by reproducing the control strain with breeders carefully chosen to 
represent the entire breeding structure of the population. This particular 
population has subsequently been used in selection studies with poultry 
(Nord.skog et al., 1962; 1967; Pasting and Nordskog, 1967). Gowe 
(1959b) in a paper discussing the design and reliability of control strains 
for poultry, conclude that the pedigreed flock has sufficient advantage 
over the random-mated flock, in most circumstances, (by increasing the 
effective number of parents and minimising natural selection among families) 
to justify the extra labour involved in maintaining a pedigreed flock. 
The control populations within the two strains used in this study were 
reproduced on a random-bred basis, and since 1965 have been maintained as 
pedigreed flocks based upon the use of approximately 30 sires and 90 dams 
annually. Mates were assibned, with the exception of the avoidance of any 
full-sib matings, at random; 3 females being allocated to each male. In 
choosing the breeding individuals each season, some effort was made to 
ensure that each sire in the previous set of parents contributed 1 male to 
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the current list of breeders and, similarly, 1 female parent was chosen 
at random, as far as possible from the group of female progeny surviving 
from each dam in the previous generation. Sufficient progeny (3 males 
and 5-6 females) were hatched from each mating, the aim being that each 
female parent would have one daughter alive and laying egs and each male 
parent would have one son alive and producing semen at the time breeding 
of the subsequent generation took place. 
No conscious selection was made of hih1y reproductive females when 
arranging the matings each season, although occasional hens which had been 
selected at random and were found to be non-layers were replaced. 
Artificial insemination was used to effect the matings from the 1965 
hatching season onwards to ensure, as far as possible, that each female 
was fertile and contributed probeny to the next generation. On average, 
less than 8 per cent of the female parents produced no surviving progeny, 
while only 3 sires in 5 years failed to contribute any progeny surviving 
to breeding age. If all the progeny of one family were missing due to low 
fertility, poor hatchability or heavy mortality, the number of males and 
females mated each generation was maintained at close to 30 males and 90 
females by randomly choosing from amongst the flock, avoiding selecting 
more than 2 full-sibs from each half-sib family group in the case of 
females, and for males avoiding full-sibs completely and more than 2 half-
sibs. Both the amount of genetic drift and the degree of inbreeding 
resulting in any closed population is normally determined by considering 
the effective number of parents (Ne) for the population (Crow, 191i-; 
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Crow and Morton, 1955). In a random breeding population with IL males 
and F females the effective number of parents is given by:- 
1 
	
Fe = 	+ 	
(Wright, 19Z.0) 
where M and F are the effective number of sires and dams, i.e.  the number 
with progeny surviving to breeding age. 
In the case of a pedigreed control flock, however, the effective 
number of parents can be calculated from the formula:- 
1 ___ 	1 
= l6M) + 16(F) 	(Gowe1959b) 
Thus, for the flock structure described above:- 
1 	3 	1 
16(30) + 16(90) = 
and the expected increase in the inbreeding coefficient () per generation 
is given by the formula:- 
= 
2Ne 
1 	= 0.35 per cent per generation 
2(144) 
(or 1.75 per cent over 5 generations) 
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33 Selection Procedures 
The selection procedures examined in this study have comprised the 
following : - 
3.3 .1 Deviation from Regression 
Selection for maximum positive values in the deviations from the 
average genetic regression of egg weight on body weight using an index of 
the form:- 
I = Egg Weight (E) - b. Body Weight (w) 
where 'b' is the calculated value for the slope of the linear genetic 
regression of egg weight on body weight. 
The deviation from regression selection was directed towards exploiting 
the variation in egg weight which was independent of the covariation with 
body weight,  by using the linear regression line as a base line for 
selection of individuals showing the 6reatest deviation above the line. A 
similar approach has been successfully employed by Cockrem (1959) in select-
ing for large body size but short tail length in mice, normal2y assumed to 
be incompatible. These two characteristics in the mouse are more strongly 
correlated genetically (r8 = + 0.6) than the two traits considered in this 
study. 
An earlier study had estimated the genetic parameters within the flocks 
used in this experiment and found the genetic correlation between body 
weight and egg weight to be + 0.3 - 0.4W (Clayton and Robertson, 1966). 
This estimate would imply that only between 9-16 per cent of the genetic 
variance in egg weight is attributable to the genetic regression of egg 
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weight on body weight. In view of the fact that around 50 per cent 
additive genetic variance remains in egg weight, sufficient usable 
independent genetic variance should exist to allow of a significant increase 
in egg weight, while avoiding a correlated increase in body weight through 
the action of positively acting pleiotropic genes. 
The genetic regression constant (b) of 28 week egg weight (E) on 28 
week body weight (w) was calculated using the appropriate genetic variance 
and covariance from twice the pooled joint sire and dam components of 
variance and covariance within the two strains for the three years that the 
strain, were random—bred (Table 6). 
Coy E.W 
i.e. b - 	g 	- 0.061 
V  g 
(i) 
There was little difference between Strain 2 and Strain 5 in the actual 
value calculated for the regression constant and, in fact, a common factor 
of 0.061 was used throughout in calculating the index values. 
TABLE 6 
Combined estimates of the parameters for 28 week 
body weight and egg weight used in computations 
involving the index or ratio traits 
x 
Vg 2(9 + D) 
V (s+D+I) 
h 
COVg 2(S + D) 
Cov (s + D + I) 
r  
Strain 2 
28 week 	28 week 
	
Body Weight Egg Weight 









28 week 28 week 
Body Weight Egg Weight 
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The genetic covariance of the index (i) with the component body weight 
trait (w) will be zero and so body weight should remain unchanged by 
selecting on the index (Purser, 1960), although egg weight (ia) will be 
increased by almost as much as selection for egg weight alone. 
The 6enetio variance for the index itself can be calculated using the 
formula: - 
VgI = VE[1_r2g 	 (2) 
while the corresponding derivation for the phenotypic variance is: - 
V2E r + r26 0 h 2 E - 2r6 . r.hE 	 (3) 
L 	h' 
Thus the heritability for the index itself can be readily calculated as:- 
h 2 	V1 = 
VpI 
The relative efficiency of the index as a means of improving egg weight, 
compared with selection for egg weight alone, can be computed using the 
formula suggested by Searle, 1965:- 
2 Relative Selection Efficiency - 	1 - r 	where r - genetic 
fl - 2r • P + 2 	
g - correlation 
p  r - phenotypic 
p - correlation 
/ h2 P 	= r./ 
h  w 
The genetic covariance of the index with egg weight, knowing the genetic 
variance for egg weight and its covariance with body weight, is derived thus:- 
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Coy jj 	VgE - b Coy LE 
	
(4.) 
from which the genetic correlation of index values with egg weight can be 
estimated: - 
r 	Coy E.1 g /VgE • Vj 
TABLE 7 
Heritability of index, I = E - (b) W, its genetic 
correlation (rg ) with 28 week egg weight and its 
relative selection efficiency  
r 	 R.S.E. 
Strain 2 	0.44 	0.95 	 0.91 
Strain 5 0.42 0.85 0.84 
Calculations using the above formulae and based upon the information 
included in Table 6 produced the estimates given in Table 7. The 
heritability of the index in both strains is only slightly less than the 
heritability value for egg weight itself, while the efficiency of 
selection for the index was calculated to be 0.91 times as efficient for 
Strain 2 (0.84 times for Strain 5) compared with selection for egg weight 
alone; a small loss in efficiency, presumably, considering the potential 
advantage of maintaining body weight constant. 
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3.3.2 Iatio Selection 
Turner (1959) has previously diacussea the use of a ratio as a means 
of improving the efficiency of selection in breeding for fleece weight 
per unit of body size in sheep and has presented forinilas to derive the 
heritability of the ratio itself or the correlation of the ratio to its 
component traita • Robertson (unpublished), however, has suggested a 
simpler method of deriving these estimates directly from the variance and 
covariance of the component traits forming the ratio. 
Taking any two traits, A and B, then the variances (ten.tio  or 
phenotypic) of the ratio (r) or are derived thus:- 
A In logs, log 	a log A - log B 
	
Sr 	SAL 	6  Let r a 	then VVI  
r 
VB 	2.Cov. 4.B Squaring 	 + a 	 - 	- 





VA 	 2,Cov. A. 	 - Therefore V 	




nowing the genetic and phenotypic variances, the heritability (-i) 
VP 
can easily be obtained. 
Similarly, the genetic correlation of the ratio with any other trait 
can be obtained by first deriving the appropriate covariance. 
Since Coy. (X.r) 	COv (X.i) 	Coy. (x.B) 
- 	 S 	 - 	 - 	 - 
r A B 
Therefore Coy. (x.r) a 	Coy.(X.A) - Coy. tX.B)1 	(6) 
A 	 BJ 
L 
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The genetic correlation (rd is then a straightforward estimates- 
(X. 
	(X.r) 
rG 	r) - 	g 
jvgy. . Vr 
The heritability of the ratio and its genetic correlation with the 
two traits comprising the ratio were calculated for each strain and are 
detailed in Table B. 
TABLE 8 
ieritabilities and genetic correlations of 
body weight (i), egg weight (EW) and of 
the ratio A in Strain 2 (32) and Strain 5 (35)* BW 
BW (12 weeks) Bw (28 weeks) EW (28 weeks) 	(28 weeks) 
2 	 Genetic correlations r h g 
BW 	 S2 0.50 (12 weeks) 35 0.66 +0.65 +0.19 	-.0.50 
BN (28 weeks) 	+0.76 S2 0.4.6 S5 0.5 +0j]. 	 -0.73 
EW (28 weeks) 	+0.4.3. +0.42 329.l j2 	 +0.4.]. 35 0.50 
EW 	 S2 0.4]. (28 weeks) 	-0.55 	 -0.81 	+0.18 	
35 0.52 
Genetic correlations r 
8 
*Estimates for Strain 2 lie above the diagonal, 
those for Strain 5 below the diagonal 
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Heritability of the ratio is only 0.86 times the heritability of egg 
weight in the case of Strain 2 and 0.78 in the case of Strain 5. 
Selection on the basis of a ratio of Ei/Th( should increase egg weight, 
but the rate of progress will only be about 0.2 times for Strain 5 and 
0.4 times for Strain 2 that obtained following direct selection for egg 
weight. 
However, as can be noted from the magnitude of the negative genetic 
correlations between the ratio and body weight, selection on the basis 
of a ratio should result at the same time in a substantial decrease in 
body weight. The importance of such a substantial decrease in body 
weight must await a closer assessment first of all of the relationship 
of body weight to reproductive performance and to viability. However, a 
significant decrease in body weight ought to confer a useful advantage 
because of a reduction in the food required for body maintenance. 
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3.4 Experimental Procedure 
The programme of selection st.arted, in earnest with the 1963 batches 
with the establishment of four distinct sub—lines within both population. 
of Strain 2 and Strain 5. These comprised:— 
1, Selection for increased egg weight at 28 weeks of age, 
which will be referred to hereafter as the Egg Weight 
line. 
Selection for positive deviation, from the average genetic 
regression of 28 week egg weight on body weight, as 
described earlier, and subsequently referred to as the 
Regression line. 
Selection for maximum values of the 
	
	ratio or Ratio BW 
selection. 
Selection for decreased body weight at 12 weeks of age, 
i.e. Body Weight line 
The purpose of including the Large Egg Weight and Small Body Weight 
selection lines was to observe the magnitude of the actual correlated 
responses following selection for increased egg weight and decreased body 
weight and to compare the response in the primary traits with the 
responses obtained in the Regression and Ratio lines. 
The Egg Weight and Body Weight lines had, in fact, been initiated 
the previous season by mating the same 30-35 males used to propagate the 
random—bred population each to 2 additional females; one selected for 
maximum egg weight, the other for minimum body weight from within the 
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base population. Thus, both these lines have undergone one additional 
generation of mild selection as compared with the Ratio and Regression 
lines. 
Each selection line was reproduced annually from 10-15 selected 
males on average per generation, each mated to 4 selected females, making 
a total of between 40-60 female parents. 
A maximum of 6-7 pullet chicks and 3 males from each mating were 
wing-banded at hatching as far as possible. Because of restricted 
accommodation in the laying house, a small proportion of the pullets 
pedigreed was discarded at random within each group on transferring the 
birds to individual bird cages just prior to point-of-lay. 
Of the 3 male progeny in each full-sib family that were pedigreed at 
hatching, 2 were retained, as far as possible, up to the stage at which 
selection decisions were available. These numbers should have allowed a 
selection intensity of approximately 1 in 8 on the male side, compared 
with about 1 in 4 on the female side. 
The actual basis of selection was standardised for all lines. Males 
were selected on their sister's family average (sib selection), i.e. the 
male's own body weight was disregarded in reaching a selection decision, 
since naturally no comparable information was available in selection 
involving the egg weight trait. Since each family group contained a 
variable number of individuals, both overall as well as within any one 
hatch group, the average performance of a group of female full sib, was 
expressed as their average deviation from the respective hatch mean 
within each line. The average deviation was then weighted according to 
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the total number of individuals, the weighting factor used corresponding 
to the weighting used to calculate the heritability of family means, 
0.5 n 	, Falconer (1960) 9 'n' being the number of full sisters in 
]. + (n - 1) t 
the full—sib group and 't' the phenotypic correlation between full sisters. 
The appropriate value for the latter was calculated from the average of 
the variance components for the traits involved as determined by Clayton 
and Robertson (1966). (see Table 9). 
In the special case of computation for the ratio selection, the full—
sib average comprised the average deviation of the individual ratio values 
from the hatch mean ratio, i.e. a mean of the individual ratios as 
compared with the ratio of the means (Turner, 1959). 
Computation of deviations from the regression and egg weight/body 
weight ratios was greatly facilitated using an appropriate computer 
programme. ( i) 
Female selections within all four selection lines were based solely 
on their individual value, expressed as a deviation from their respective 
hatch mean. 
At the commencement of the experiment, matings of selected birds were 
arranged using 40 individual male breeding pens. Because of the limited 
accommodation it was necessary to mate up only two lines at one time, the 
(1)Th, use of a computer programme written by Dr. W. G. Hill, Institute 
of Animal Genetics, Edinburgh, is gratefully acknowledged. 
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breeders being replaced by the parents selected to reproduce the remaining 
two selection lines once collection of fertile eggs for two complete 
hatches had ceased. The control matings, of course, were kept together 
for all 1+ hatches, although a rota of males was used in the control line 
breeding pens. 
r TA-BU 9 
Phenotypic correlation (t) between full-sibs, 
Strain 2 (32) and Strain 5 (35) 
Trait 
V3 	VD 	V1 
V. + V 
t= 	-J 
VS + vi) + VI 
Body Weight 12 weeks 82 9.7394 12.6327 66.2176 
S5 16.0954 13.4401 60.41.41 
28 weeks 82 19.6264 41.6004. 206.074.9 
S5 54.8090 4.5.4.098 202.8358 
Egg Weight 	28 weeks 82 1.1168 1.3477 	7.6667 
	
35 0.9439 1.1073 6.2574. 
Starting with the 1965 hatches, however, all matings were effected 
using A.I., which meant that all selection lines could be hatched at the 
same time, while it was also possible to maintain a fully pedigreed control 
line. 
Four hatches were generally taken off over a 5-6 week period each 
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chicks in any one hatch, irrespective of line, were brooded together and 
reared intermingled in the sane windowless intensive rearing house. Hatch 
groups were penned separately as a batch in littered floor pens. 
Unfortunately, from the point of view of uniformity in sexual maturity 
between hatch groups, it was the practice until latterly to rear the birds 
under a reduced "daylength" pattern, followed by an increasing light 
regime from point-of-lay onwards in the laying house. Because of the 
difference in age between the various hatch groups, it proved impossible to 
provide a lighting pattern similar for all hatch groups. The last hatch 
taken off was around 6 weeks later than the first batch of chicks hatched 
and sexual maturity in the earlier hatches tended to be as much as 1-2 weeks 
later than for the later hatches which experienced a correspondingly more 
rapid increase in the light pattern they received in the laying quarters. 
Recent evidence, however, (Proudfoot and Cowe, 1967) has suggested that a 
constant light pattern of around 34 hours throughout the rearing and laying 
period is, contrary to previous conclusions, probably as effective a light 
pattern for maximum egg production. Thus, latterly this set light pattern 
has been adopted, since it means that all hatch groups, in spite of 
chronological differences, experience an identical light regime. 
Each strain was housed during the laying period in a separate, 
windowless laying house containing 3 blocks of double-sided, 3 tier,  9 inch 
wide individual bird battery cages. These provided suitable accommodation 
for keeping records of individual bird performance. On housing at point-
of-lay birds were placed entirely at random in the individual bird cages. 
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The stock was managed as for any normal commercial flock and fed a medium 
energy home-mixed layer's ration, latterly of the following composition:- 
Composition of Layer's Mash 
Ingredient Cwt. per Ton Mix 
Maize 8.75 
Wheat 6.00 
White Fish Meal 1.00 
Meat and Bone Meal 1.00 
Soya Bean k4eal 0.75 
Sunflower Meal 0.73 
Dried Grass Meal 0.50 
Limestone Grit. 	 128 lb. 
Salt 	 5 lb. 
Vitamin + Mineral Premix* 	7 lb. 1.25 
* Colborn Vitafeeds Limited No. 100 
Approximate analyses: 	Percentage Crude Protein 	16.00 per cent 
Energy (M.E.) 	 1 1 287 Cals. per 	lb. 
Ca 	 2.95 per cent 
P 0.63 per cent 
Al]. pullets on experiment were weighed individually at 12, 28 and 44 
weeks of age • The week in which each bird laid its first egg was noted 
and egg production recorded on 3 days each week from 20 to 60 weeks of age. 
Faber (1960) and Wheat (1956) have reported a high degree of correlation 
(r = 0.96) between 3 days per week recording and the full production 
record. For the purposes of analysis the egg record has been considered 
in two parts: an early egg record up to 44 weeks of age and a subsequent 
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record from 44-60 weeks. 
Eggs were weighed at two stages in the laying period, at 28 weeks 
and 44 weeks of age, and the actual individual an weight record 
consisted of the average weight of 3-4 eggs per hen laid within the week 
following that in which the bird reached the appropriate age. 
Since each generation was produced from up to 4 (and on occasion 5) 
weekly or fortnightly hatches, the data collected on the performance of 
the experimental population was liable to include variation due to the 
spread in ages of the birds. This source of variation was first 
removed as far as possible before carrying out any statistical analyses 
by expressing all individual records as deviations from their respective 
hatch average within each line. This method of hatch correction was 
preferred on account of the particular environmental conditions 
(stocking density in rearing pens, light pattern, etc.) experienced by 
particular hatch groups (Skaller, 1954)9 A number of investigators 
have published evidence of a genotype interaction between the date of 
hatch within a given year and performance, notably sexual maturity, at 
a single location, but it may be questioned whether they are of much 
significance (Osborne, 1952; 1954; Skaller and Sheldon, 1953). 
Abplanalp (1956)  suggested that they could justifiably be disregarded 
without impairing efficiency in selection programmes within closed 
populations. 
Individual hen records were excluded from subsequent analyses if 
the individual had died before completing the period up to 44 weeks of 
age, or was already ailing. In the case of occasional missing data 
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for a single trait, principally one or other of the egg weight 
measurements due to a bird not being in lay when eggs were sampled, the 
overall mean value for the hatch of which the individual bird belonged 
was inserted instead. This was necessary because the computer programme 
used in the analysis was not equipped to deal with missing data. 
Considering the frequency of such missing data, this step would have a 
negligible effect on the variance for the trait and, of course, would 
not affect the mean. 
Heritabilities and genetic correlations were estimated each 
generation from the data collected for up to 15 traits in each of the 
selection lines using a hierarchal analysis of variance and covariance 
within lines and years (King and Henderson, 1954). These analyses 
were facilitated by the provision of an appropriate computer programme 
developed by Dr. Be Woolf(2)  and latterly modified by Dr. W. 0. Hill 
for use on a more recent computer system. The estimates to be quoted 
later in this thesis are those derived by using twice the fraction of 
the sire and dam variance (Falconer, 1960). Although such estimates 
are inflated by unknown amounts of non—additive, sex—linked and maternal 
effects (Keinpthorne, 1957) the sampling error is only half as large as 
that from heritability estimated separately from the sire or dam 
component. 
(2) Grateful acknowledgment is made to Dr. Bernet Woolf for the use of his 
Computer Programme No. 604 9 B.W. FL!. 
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4. RESULTS AND DISCUSSION 
4.1 Time Trends in Control Population. 
The objective in maintaining a random—bred control population for 
each strain in this study was to provide a means of eliminating 
environmental, an distinct from genetic, change occurring over several 
generations of selection. Since the presumed genetic changes 
occurring within the selected lines are to be discussed subsequently 
as deviations from these control population., it is necessary first of 
all to discuss the performance of the control populations themselves over 
the period covered tar the experiment. 
4.1.1 Breeding Structure of Control Populations 
The basis for reproducing these control populations has already been 
discussed and Table 10 sunnapisea the actual number of effective sires 
and dams, i.es those parents contributing progeny each generation in 
maintaining the random—bred populations. With the exception of the 
1963 series of matings in both strains and also of the 1964 matings in 
the case of Strain 2 9 the progeny were fully pedigreed to both sire and 
dam. Because of building operations during the 1963-64 seasons, 
however, it was necessary to reproduce the two populations using & 
limited number of breeding pens and in these circumstances several males 
were mated to the same not of females using a shift system. The males 
were changed weekly and., because hatching eggs were collected 
continuously from the breeding pens, it was only possible to pedigree to 
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the darn. The total number of males placed in the breeding pens, 
however, is given in Table 10, but whether they actually contributed 
progeny to the subsequent generation is unfortunately impossible to 
say with certainty. The effective number of parents (NO) each 
generation is also included in Table 10. In the case of the fully 
pedigreed generation this latter parameter was estimated using the 
formula given 1W Gowe, et al. (1959b) and in governed by the least 
numerous sex, in this instance the number of males, in the parental 
population. 
The aim with both control flocks at the outset was to assign 30 
males at random to 90 females. Slightly more males were, in fact, 
used on occasion. Using the calculated figure for the effective 
number of parents it is possible to predict the anticipated increase in 
the average inbreeding coefficient within the control population. The 
anticipated inbreeding amounts to 0.48 per cent per generation, or 
between 2.3 and 2.4 per cent over the 5 generations that each flock has 
been reproduced. 
It has been assumed in all of these calculations that all parents 
did contribute equally to the set of parents in the subsequent generation, 
which was not necessarily true. The effect of differential mortality is 
likely to have been small however. Over the 5-year period that these 
control populations were maintained, only 3 males in the case of Strain 5 9  
and none in the case of Strain 2 9 failed to contribute any progeny to the 
subsequent parental population. 
More female progeny were normally hatched from the control line 
TABLE 10 
iffective number of breeding individuals and 
effective number of parents (Ne) in control lines 
throughout 5 generations of selection experiment 
Strain 2 
Number of Parents 
Generation Year U F Ne 
0 1962-63 35 124. 172 0.0029 
1 1963-64. (80) 29 85 0.0059 
2 1964-65 (70) 42 105* 0.0048 
3 1965-66 32 62 154. 0.0032 
4 1966-67 32 77 150 0.0033 
5 1967-68 33 85 154. 0.0033 
Total 0.023 
Strain  
Number of Parents 
Generation Year U F Ne L. F** 
0 1962-63 35 100 170 0.0029 
1 1963-64. (80) 30 87 0.0057 
2 1964-65 20 54 95 0.0053 
3 1965-66 34. 92 161 0.0031 
4. 1966-67 29 67 135 0.0037 
5 1967-68 30 82 144 0.0035 
Total 0.024 
.1.. = -1- j 	1 	(G•owe et al. 1959b ) Ne 	16i 161 
1 	1 
Ne =41a (Wright, 1940) 
1 
( ) = Total number of males placed in breeding 
pens, but not necessarily effective 
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matings than were actually required to serve as a control group in the 
laying house. Pablo 11 lists the number of pullets hatched annually 
within both populations and the number subsequently housed along with 
the selected populations in the laying house. On housing a sample of 
birds from the control line no selection of birds was made, although 
some attempt was made to equalise, as far as possible, the number housed 
from the various family groups, in addition to attempting to provide a 
total of between 50 to 60 pullets as a control group within each hatch. 
Mortality in the laying house up to breeding age was moderate, with the 
exception of one season only in both strains when mortality was over 10 
per cent. (Table 11). 
In so far as the assumed genetic changes effected within the 
selection lines will be referred to later in terms of deviations from 
the control populations, the overall trends in performance of the 
random—bred populations over the 5—year period will be examined in some 
detail. 
4.1.2 Chanpo in Mean Performance of Control Linesr  
Clayton and Robertson (1966) when reporting the earlier performance 
of these populations commented upon how these strains had reacted to the 
continued relaxation of any conscious selection pressure. Table 12 
presents some data on the mean performance since 1960 for Strain 2 
through the 5—year period up to 1968 covered lr this particular study. 
Table 13 presents similar data for Strain 59 Casual examination of 
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TABLE U 
Iuxabera or Control line ferale progeny housed and recorded 
Strain 2 
Number with mortality Year Pedigreed Housed complete to breeding age records 
1963-64 233 14.9 138 7.4 
1964-65 259 229 205 10.5 
1965-66 485 310 292 5.8 
1966-67 318 271 261 3.7 
1967-68 34.L 250 24.3 2.8 
Overall Totals 1,643 1,209 1,139 
Strain 5 
Number with % Mortality Year Pedigreed Housed complete to breeding age records 
1963-64 286 268 215 12.9 
1964-65 14.6 136 130 4.4 
1965-66 347 311 298 4.2 
1966-67 257 243 230 5.3 
1967-68 296 274. 254 6.9 
Overall Totals 1032 1,232 1,127 
TABLE 12 
Performance of Strain 2 Control Population 
1960-1968 
(Means of pullets recorded) 
Year n Body Weight Egg Weight Age let Egg Egg Numbers* 
44 wka. 44 wke. wks. 20-44 wks. 44-60 wke. 20-60 wks. 
1960-61 908 2 9 056 57.7 24.7 103.8 - - 
1961-62 915 19949 56.1 23.3 109.9 - - 
1962-63 799 29141 57.7 23.5 111.5 - - 
1963-64 138 1 9 997 56.2 23.2 117.6 - - 
1964-65 205 2 9 019 57.3 24.9 102.9 65.1 168.0 
1965-66 292 2,048 57.9 24.7 104.0 60.4 164.4 
1966-67 261 2,210 60.0 24.2 105.2 74.6 179. 8 
1967-68 243 2 9 101 58.4 23.9 110.4 64.9 1 75.3 
* Estimated ty multiplying the 3 days per week record tiy a fraction x 
TABLE 13 
Performance of Strain 5 Control Population 
1960-1968 
(Means of pullets recorded) 
Year n 
Body Weight Egg Weight Age 1.t Egg Egg Numbers* 
44 irks. 44 irks. irks. 20-44 irks. 44-60 irks. 20-60 wks. 
1960-61 848 1 9 962 53.7 24.6 104.7 - - 
1961-62 785 2 0 005 52.9 25.2 101.2 - - 
1962-63 591 2 9 017 52.6 25.6 97.3 - - 
1963-64 215 1,820 55.3 25.6 95.9 	. 58.5 154.4 
1964-65 130 1 9 901 53.8 23.9 108.9 54.6 163.5 
1965-66 298 19954 55.4 25.7 105.2 67.2 172.4 
1966-67 230 2,062 56.7 24.4 113.1 61.1 174.2 
1967-68 254 2 9 060 57.4 23.9 107.3 65.8 173.1 
* Estimated IV multiplying the 3 days per week record IW a fraction x 
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these figures would suggest that there has been no depression in any 
of the principal traits over the 8-year period and that the strains have 
sustained the same potential for on production. Mean body weight and 
egg weight have, if anything, increased, no doubt as a result of an 
improving environment in the laying house, rather than on account of 
any genetic change. 
Figures 1 to 6 present the trends in the mean performance of both 
control populations in graphical form for each of two measures of body 
weight, egg weight and egg production for the specific 5-year period 
under review. The average regression over this period was calculated 
for each recorded trait and the values for the regression coefficients 
are summarised in Table 14. 
(i) Strain 2 
Body weight, whether measured at 12 or 28 weeks (Figure 1) has 
shown some fluctuation between years, but these fluctuations appear to 
follow the same pattern at both ages. There is an indication also of 
an overall upward trend in body weight which is not significant, 
however, when considering 12 week body weight, but is significant for 
body weight at 28 weeks and 44 weeks. 
Egg weights (Figure 2) have also shown an upward trend over the 
5-year period and the positive regression is significant, both for 28 
week and 44 week egg weight. The egg weight measurement has, at the 
same time, shown less yearly fluctuation in contrast to body weight 
which has tended to fluctuate more, particularly the 12 week weight 
Fir. I 	 _ 














Calculated average annual regression in performance 
of Control Strains over five years, 1963-1968 
Strain 2 	 Strain 5 
b 	e.e. of b 	b 	e.e. of b 
Body W.it 
12 weeks 





28 weeks 	8. 
44 weeks 	8. 
Me 1st Egg , 	wk. 
Egg Numbers 
(part eoord) 
20-44 weeks 	eggs 
44-60 weeks 	•885 
	
79 43, 	N.S. 
+30.7 ±12.32 	* 
+39.9 118.02 	* 
+0.81 ± 0.13 ** 
+0.71 ± 0.27 
40.07 t 0.21 N.S. 
-0.52 ± 0.78 N.S. 
-0.58 t 1.10 N.S. 
+ 9,3 ±6.78 N.S. 
446. 19.76 ** 
+63.9 ±7.76 *** 
10.69 ±0.11 *.. 
+0.71 4.26 	* 
-0.53 tO.21 	N.S. 
+1.19 ±0.65 N.S. 
.,0.91 ±0.55 N.S. 
N • S. = Value for b is not significantly different from zero 
* a b is significantly different from zero at 90- level; 3 d.f. 
b is significantly different from zero at 95,'level; 
- b in significantly different from zero at 9 level; 
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which was possibly most affected by seasonal environmental conditions. 
In contrast, egg numbers (Figure 3) show no consistent trend. The 
early part record for the period 20-44 weeks, for example, has shown a 
alight downward trend, but egg production over the later period has 
increased slightly, although neither trend is statistically significant. 
Sexual maturity (age at first egg), although not graphed, has also 
shown no indication of any significant overall trend. 
(ii) Strain 5 
Broadly, the some trends are reflected in the performance of the 
Strain 5 control population with an upward and significant trend in 28 
and 44 week body weight, but not 12 week body weight (Figure 4) and a 
highly significant upward trend in 28 week and 44 week egg weight 
(Figure 5). 
While a positive trend in both the early and late egg production 
record is indicated, in neither case are the regression coefficients 
significant. In contrast to Strain 2, the autumn reared control 
population in Strain 5 has shown a trend towards earlier sexual maturity 
(negative regression in age at first egg). This in explicabie 
presumably on acoount of the housing of both strain, latterly under 
windowless conditions enabling the use or a non—seasonal artificial 
light pattern, which meant that the latter strain could be subjected to 
an increasing light pattern at point of lay in common with Strain 2 
reared in the spring. The overall trend towards earlier sexual maturity, 
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4.193 Estimates of Genetic Parameters within Control Populations 
Obvious changes in the estimates of the genetic parameters over a 
period of years might indicate whether any genetic changes have taken place 
in a control population due to natural selection, genetic drift or 
inbreeding. 
Tables 15 and 16 summaries the estimates of the phenotypic standard 
deviations, heritabilitias and genetic correlations within both control 
populations over the last 3 years that these populations have been 
maintained. The heritabiuities and genetic correlations were computed 
from the joint sire and dam components of variance and covarianos and, 
as would be expected, were subject to very large sampling errors on 
account of the relatively small population sizes. 
It is difficult to distinguish any consistent or meaningful trends, 
however, in these parameters. The standard deviation for body weight 
appears to have increased latterly, compared with the variability noted 
in the base population for both strains. This also appears to be the 
case for egg weight in Strain 5. In spite of the increase in phenotypic 
variance in these traits, however, the heritability has not declined. In 
fact, the heritability of body weight and egg weight, with the exception 
of 12 week body weight in Strain 2, has remained very much at the same 
level as in the base population. The marked decline in the heritability 
of 12 week body weight and not the later measures of body weight in Strain 
2 is difficult to explain, since a reduction in the amount of additive 
genetic variance at 12 weeks would be expected, on account of the high 
TABLE 15 
Summary of estimates of heritabilities, genetic correlations 
and phenotypic standard deviations within the control 
population, Strain 21  for the last 3 years of random mating 
Body Weight 	Egg Weight 	 Egg Number. 
	
2 	12 	28 	44 28 	44 lo 	20-44 	44-60 	20-60 h weeks weeks weeks weeks weeks - weeks weeks weeks 
Genetic Correlation. (r g) 
Body Weight 
12 weeks  0.15 0.761 0.762 0.489 0.312 -.0.611 09322 0.025 0.184 
 0.56 0.727 0.627 0.151 0.319 -0.617  0.407 -09230 0.306 
 0,17 0.777 0.362 0.462 -0.227 -0.443 0.596 -.0.894 -.0.092 
28 weeks  0.52 0.984 0 .352 0.469 -0.158 0.439 0.476 0.537 
 0.51 1.000 0.159 0.114 -0.506 0.497 -0.030 0.376 
 0.48 0.885 0.575 0.275 -0.436 0.644 -0.075 0 .390 
44 weeks  0.43 0.437 0.528 0.083 0.050 0.271 0.201 
 0.47 0.190 0.037  -0.595 0.481 0.036 0.398 
 0.62 0.616 09392  -0.190  0 .490 0.378 00543 
Egg Weight 
28 weeks  0.72 1.000 -0.051 -0.169 -0.394 -0.343 
 0.65 1.000 0.014 -0.042 -0.337 -0.234 
 0.40 1.000 -.0.167 -0.261 -0.347 -.0.357 
44 weeks  0.57 .0.207 .0.121 -.0.418 -0.333 
 0.57 -.0.409 0.137 -0.432 -.0.153 
 0.39 0.185 -0.325 -0.212 -.0.350 
Age let E  0.46 -0.461 0.189 -0.118 
 0025 -0.802 0.246 -0.474 
() 0.24 0.127 0.822 0 .559 
Egg Numbers 
(Part Record) 
20-44 weeks  0.32 0.460 0.819 
 0.26 0.043 0.800 
() 0.26 0.325 0.841 
44-60 weeks  0.26 0.886 
 0.11 0.633 
 0.15 0.789 
20-60 weeks  0.29 
 0.13 
 0.18 
'p  102.6 177.9 239.7 3.00 3.37 1.72 7.96 10.83 15.85 
 90.4 191.9 218.6 2.98 3.51 1.97 6.95 8.37 12.62 
 95.7 189.9 245.3 3.09 3.63 1.27 8.82 8.95 14.83 
Degrees of Freedom 
Estimates for 1965/66 generations Sires - 31; Dam. - 50; Individuals - 206 
Estimates for 1966/67 generations Sires - 31; Dams - 45; Individuals - 180 
(r.) 	 p,., 	 i. 	lt___ 	CA. 
¼fl 
0.68 	0.899 0.802 0.657 0.878 -.0.170 0.093 -0.140 -.0.019 
0.83 	0.970 0.874 0.614 0.744 -0484 0.209 0.110 0.186 
0.54 0.857 0.817 0.924 0.676 -0.341 0.029 -0.196 -0.080 
0.65 0.929 0.651 0.745 0.042 -0.127 -.0.247 -0.190 
0.86 0.988 0.682 0.752  -0.286 0.118 0.268 0.202 
0.54 0 .955 1.000 0.739 -0.068 -0.242 -0.448 -0.340 
0.61 00515 0.487 -0.181 0.141 -0.158 -0.002 
0.88 0.559 0.672 -0.223 0.059 0.242 0.153 
















0.62 	00783 -0.296 0.088 -0.077 0.009 
0.57 0.887 -0.242 -0.169 -0.219 -0.212 
0.08 	1.000 -0.243 -0.278 -.0.965 -0.611 
0.71 -0.146 -.0.167 -0.334 -0.255 
0.65 -0.459 -.0.033 -.0.115 -0.076 
0.41 -.0.266 -.0.183 -09495 -0.325 
0.77 -09576 -0.234 -0.425 
0.72 -.0.769 -0.012 -.0.499 

















0.65 	0.879 0.972 
0.64 0.610 0.927 

















Summary of estimates of heritabilities, genetic correlations 
and phenotypic standard deviations within the control 
population, Strain 5, for the last 3 years of random mating 
Body Weight 	Egg Weight 	 Egg Numbers 
2 	12 	28 	44 	28 	 20-44 	44-60 	20-60 h weeks weeks weeks weeks weeks 	lot Egg weeks weeks weeks 








5' 5. 5. 50 5. 4k. eggs im ___ 
p 	(3) 119.5 185.7 212.1 2.85 3.90 1045 7.84 10.13 15.59 
(4) 124.2 207.3 257.8 3.28 4.29 1.49 7.40 9.97 14.52 
() 98.7 216.5 241.6 4.08 3.79 2.00 9.66 9.81 17.04 
Degrees of Freedom 
Estimates for 1965/66 generation: Sires - 33; Dame - 58; Individuals - 203 
Estimates for 1966/67 generations Sires - 28; Dams - 38; Individuals - 160 
__ 	_____ 	"'--- 	 - -. 	- 	- 
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genetic correlations, to lower the heritability of body weight at a later 
age also. 
So far as the general pattern which emerges from the tabled values for 
the genetic correlations is concerned, the following points may be made:- 
The genetic correlations between body weight and egg weight were 
generally much more strongly positive within the Strain 5 population 
than in Strain 2, a feature which was also apparent in the base 
population. The genetic correlation between 28 week body weight 
and 28 week egg weight, for example, averaged +0.77 for Strain 5, 
compared with a mean estimate of +0.36 for Strain 2. 
The pooled estimates suggest an apparent difference between strains 
in the direction of the genetic correlation between body weight and 
egg production. The correlations (see, for example, Table 17) are 
decidedly positive in Strain 2, but are marginally negative in the 
case of Strain 5. 
This apparent strain difference was not evident between the estimates 
for the two base populations, but could be very important if these 
estimates are representative, in view of the relatively large standard 
errors attached to these estimates. Previous estimates reported for 
control strains suggested a positive relationship between egg numbers and 
body weight (Wilson et al.0 1966; King et A1.1, 1963). However, Merritt 
(1968) stressed the need for further studies to establish whether these 
relationships can vary as the mean body weight of the strain varies, and 
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he drew attention to the study of a meat-type control strain by Jaap At al. 
(1962) in which, although they reported a positive correlation of body 
weight with egg numbers, the realised correlation derived from a selection 
experiment was negative. Merritt (1968) himself reported the existence 
of a strong negative genetic correlation between adult bocy weight and egg 
numbers in a random-bred control strain of meat-type fowl. 
TJJLE 17 
Comparison between strains in average genetic correlation 
between body weight (28 weeks) and 
part record egg production (rs..D) 
Genetic correlation of 28 week boi 
Strain 	Part Record 	Part Record 
20-44 weeks 44-60 weeks 
2 	+0.53 1.13* 	+0.12 1 .20 
5 	-0.08 1 .12 	-0.34 : • 14 
y weight with: 
Total 
20-60 weeks 
+0.43 1 .15 
-0.11 ±12 
* Standard errors computed using the formula given by Robertson (1959) 
The estimates included in Tables 15 and 16 involving the post-44 week 
egg record are, of course, important because the study of the inter-
relationship of the production traits in the base populations did not 
include any information for this later period. iirst1y, in the case of 
Strain 2 the average estimate of the heritability of the later egg record 
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Was lower (0.17) compared with 0.28 for the earlier record. The 
estimated heritability in Strain 5  was also lower for the 14  to 60 week 
period (0.29), compared with the comparable estiwate for the 20 to 44 week 
period (0.61), although both values were notably higher than those for 
Strain 2. 
Both egg weight measures appear to be strongly negatively correlated 
with later egg production in both strflins to a higher degree than with the 
early record. 
One aspect of obvious interest is the degree of correlation between 
the early egg record and subsequent laying ability. In the case of 
Strain 2 the correlation between the first period and the second was only 
+0.28, but in Strain 5 the correlation between the early and late part 
record was of the order of -*0.7, with the result that egg production in 
either the early or let, period was more highly correlated (rg i +0.9) 
with the cumulative record to 60 weeks than in the case of Strain 2. 
The conclusion which can be drawn from these estimates is that 
selection within Strain 5 solely on an early part record is likely to 
result in a correlated increase in the later part record to 60 weeks almost 
equivalent to the response which would be obtained were an equivalent 
selection 4 ressure applied directly to the later part record, on account 
largely of the higher heritability for the earlier record. Selection an 
the early record alone in Strain 5 would be as efficient in increasing 
total egg production es selection for total egg production itself. 
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In the case of Strain 2, however, selection on the early record would 
only be 35 per cent as efficient in increasing egg production between 44 
and 60 weeks, as compared with direct selection for egg production over 
that period. The predicted responses in subsequent egg production, 
following selection based upon the early part record, are summarised for 
both strains in Table 18 and feature the importance of precise estimates 
of the underlying genetic parameters to the practical breeder in 
formulating his breeding plans. 
ThBLE 18 
Comparison of predicted gains in egg production 
(part record) in Strain 2 and Strain 5, given an 
equal selection intensity on the early part record 
of 2 units in the standardised selection differential 
Direct Responses j* 
20-44. week Strain Record 
2 	 + 4.4 eggs 
5 	 +10.1 eggs  
Indirect Responses in** 
	
44-60 week 	Total Record 
Record to 60 weeks 
+1.1 eggs 	+ 5.5 eggs 
+6.3 eggs 	+16.3 eggs 
* R = 
** C.R. 	= I.h .h 
y.x xy 
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Discuion 
It is perhaps unfortunate that the two control populations were not 
hatched contemporaneously,, nor housed together, since it is not possible 
to reach any final conclusion regarding the basis of the trends in mean 
performance noted above. Considering the population sizes involved 
however, the populations ought to have renamed relatively stable with 
little likelihood of much genetic drift having taken place over the 
period of the selection experiment (Cow. at ., 1959b). The overall 
increase in the average degree of inbreeding of around 2.5 per cent would 
be expiated to have a minimal effect in terms of any inbreeding depression 
in performance of these populations (Blow et a]., 1953; Stephenson 
1953; Tebb, 1958). The results do not suggest, however, any significant 
negative regression within these populations in any of the performance 
traits • Reports of other control populations have indicated a significant 
decline in some production characters over several generations of relaxed 
selection (inrey and Lowe, 1968; Gowe et a]., 1959a)  but these were 
ascribed to an environmental component depressing the phenotypic mean. 
It is suggested that the positive trends noted in this study were also 
largely environmental in causation, although it is not possible to be 
dogmatic in the absence of a control for the control population itself. 
The significant increase in on weight, and to a lesser degree body weight, 
in both strains may have been attributable to a change-over latterly to a 
ration containing maize as part of the cereal portion of the diet, in 
substitution for wheat or barley. Edwards and Morris (1959), for .reapls, 
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have reported that the inclusion of maize, or maize oil, in the ration 
may increase average individual egg weight by as much as 2-3 grams. 
4.2 Changes in Mean Performance of Selected Populations 
The numbers of pullets pedigreed, the numbers housed and those with 
completed records of laying house performance within each of the 4 
selected lines annually are detailed in Table 19 (Strain 2) and Table 20 
(strain 5). A total of over 8,000 female progeny were recorded in the 
course of the selection experiment. 
4.2.1 Egg Weight and Body Weight Lines 
Figures 7 and 8 present some of the trends which have occurred in 
the mean performance of the Egg Weight and Body Weight lines in Strains 
2 and 5 respectively. The absolute trends have been regressed over the 
5 years (Table 21) and indicate that mean body weight has increased 
markedly in the Egg Weight line in Strain 2 and that this increase has 
been highly significant. There is an indication too of an increase in 
body weight in the Egg Weight line in Strain 5 1 but the trend in this 
instance is not significant. 
Mean egg weight has increased appreciably in both lines selected for 
egg weight, but average egg weight has not declined in the Body Weight 
lines as one might have predicted. Another surprising feature in the 
Body Weight lines is the absence of a significant downward trend in 
mean 12 week body weight in view of the selection applied to reduce 
Egg Weight Line 







1,113 1 9045 
Body Weight Line 
Pedigreed Housed Coip1 et ed 
Records 
295 116 111 
241 241 215 
305 259 235 
291 239 218 
299 269 259 

























Pedigreed Housed 	Completed 
Records 
228 228 214 
304 289 271 
347 236 223 
280 257 243 













Number of pullets pedigreed and recorded in selected lines, Strain 2 
0' 
Regression Line 




185 - 167 a 
908 838 
Ratio Line 
Pedigreed loused Completed 
Records 
223 203 189 
204 186 173 
290 268 261 












Number of pullets pedigreed and recorded in selected lines, Strain 5 
Egg Weight Line Body Weight Line 
Year Pedigreed Completed Housed Records Pedigreed ________ Housed ______ 
Completed 
ecords 
1962/63 234 172 149 284 176 158 
1963/64 280 261 178 281 268 236 
1964/65 151 144 133 155 138 136 
1965/66 309 280 257 274 243 239 
1966/67 226 212 198 273 245 237 
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TABLE 21 
Regression (b) in phenotypic leans of Egg Weight and Body Weight 
selected lines over 5 generations of selection, 1963/68 
Egg Weight Lines 	 Body Weight Lines 
Strain 2 	 Strain 5 
	
Strain 2 	 Strain 5 
Trait 
	
b 	g.e. of b 	b 	s.eo of b 
	













g. +42.0 	7.6 *** 
g. +66.7 ± 6.3 *** 
g. +48.7 111.1 ** 
+22.9 ± 7,9 ** 
+15.4 112.0 N.S. 
+ 1.4 ±23.6 N.S. 
- 4.9 111.3 N.S. 
-17.3 ±11.5 N.S. 
-37.9 ± 8.0 *** 
+0.04 ± .08 N.S. 
-0.15 ± . 13 N.S. 
+0.28 t .19 N.S. 
-0.26 ± . 40 N.S. 
+1.10 2:1.71 N.S. 
-12.7 16.6 N.S. 
-47.4 112.2 ** 
-65.5 ±20.0 ** 
-0.12 ± .12 N.S. 
-.0.16 ± .20 N.s. 
-0.10 ± .27 N.S. 
+0.82 ± .83 N.S. 
-0.32 11,12 N.S. 
g. +1.56 ± .10 *** +1.46 t .13 *** 
g. 	+1.66 ± . 22 	I* +1.52 ± .24 *** 
wk. +0.26 	.22 N.S. -0.20 	.26 N.S. 
-1.11 t .58 N.S. +0.92 ti-3 N.S. 
+1.15 11.65 N.S. +1.53 ti.i 	N.S. 
a' 
N.S. - Value for b is not significantly different from zero 
** - b is significantly different from zero at 95% level; 4 d.f. 
- b is significantly different from zero at 99% level; 4 d. f. 
12 week body weight. 
Egg numbers have tended to fluctuate quite erratically between years 
and in neither strain has there been any significant trend in either the 
early or late egg record. Sexual maturity does not appear to have been 
significantly affected in either line in both strains. 
4.2.2 Regression and Ratio Lines 
The absolute trends in the mean level for 6 of the 8 recorded traits 
within the Regression and Ratio lines are plotted graphically (]figures 9 
and 10) and the average regression for each trait over 4 years is 
eiimmirised in Table 22. The latter estimates point to a significant 
reduction in body weight in the Ratio line in both strains • In the 
Regression lines the body weight trends are not consistent. In the 
first instance there is an absence of any significant trend in Strain 2, 
while in Strain 5 the earlier body weight measurements show a ainifioant 
upward trend which does not apply at 44 weeks of age. 
Egg weight at 28 weeks shows a significant upward trend in both the 
Ratio and Regression lines within both strains. Although a positive 
trend is also apparent in egg weight at 44 weeks of age in both strains, 
the trend is only significant in Strain 2. 
A significant and marked deoline in the early egg record is apparent 
in the Regression line in Strain 2, but on the other hand a positive and 
significant trend is evident in the Strain 5 Regression line. No 
significant trends are noted for the later egg record, but a significant 
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TABLE 22 
Regression (b) in phenotypic means of Regression and Ratio 
selected lines over 4 generations of selection, 1964/68 
Regression Lines 	 Ratio Lines 
Strain 2 	 Strain 5 













g. 	+30.4 19.9 	** 
g. +26.1 130.2 	N.S. 
g. 	+ 2.7 128.3 	N.S. 
g. 	+2.15 ± .17 *** 
g. +2.52 ± .20 *** 
wk. +0.35 ± .11 ** 
-2020 ± .58 ** 
+2.25 ± 1.4 N.S. 
+34.3 11•9 	* 
+43.3 119, 	* 
+25.3 ±17.3 	N.S. 
+2.02 ± .24 *** 
+2.14 ± .30 ** 
-.0.29 ± .23 N.S. 
+0.94 ± .35 	* 
+0.35 ± 1.0 N.S. 
Strain 2 
b 	a. a. of b 
+ 6.0 18.6 N.S. 
-36.1 ±10,6 ** 
-5491 ±18.4 ** 
+1.09 ± .06 ** 
+1.03 ± .19 *** 
+0.23 ± .13 N.S. 
-1.06 ± .86 N.S. 
+2.10 ±1.9 N.S. 
Strain 5 
b 	s.eo of b 
-14.3 112.8 N.S. 
-53.0 121.9 ** 
-7402 ±24.9 ** 
+0.76 ± .16 ** 
+0.38 t  .18 N.S. 
-0.27 ± .27 N.S. 
+0.52 ± .75 N.S. 
-1.04 11,06 N.S. 
N.S. 	Value for b is not significantly different from zero 
* 	b is significantly different from zero at 90% level; 3 d.f. 
** - b is significantly different from zero at 95% level; 3 d.fo 
b is significantly different from zero at 99% level; 3 d.f. 
or, tic 
delay in sexual maturity is apparent in the Strain 2 Regression line and 
possibly explain , in part at least, the reduction in the early egg record 
noted above. 
4 • 2.3 Elimination of Environmental Time Trends 
Gowe et al. (1959) have clearly demonstrated the value of a control 
strain by comparing absolute trends within two selected strains with the 
trends as estimated from the mean annual deviations from a control 
population. 
The fact that a significant upward trend has already been noted in 
some of the body weight measurements, and in the 2 egg weight measurements 
in both control populations, suggests that correction for a positive 
environmental trend must be made within the selected populations before 
attempting to estimate genetic change. 
For these reasons, it is preferable to examine the changes that have 
occurred within the selected lines by dealing with the annual deviation in 
mean performance of the selected line from its contemporaneous control 
population. These deviations were computed first of all within hatches 
and weighted according to the value for nl + 
	
, where n1 and n2 were 
the number of individuals in the selected and control group within the 
particular hatch. 
The mean deviations for each of the five generations in the Egg 
Weight and Body Weight lines and for each of the four generations in the 
Ratio and Regression lines are tabulated in Tables 1 and 2 (Appendix B) 
- 7]. - 
and many of these deviations assume a high degree of significance. The 
standard error for each mean deviation was calculated as: - 
S.E. of difference =+ Fl 12 
nj and n2 being the total number of individuals recorded in the selected 
and control populations respectively. The results to be discussed in 
the following sections, concerned with the genetic changes in the 
selected populations, are based, therefore, on the mean deviations of the 
lines from their respective controls, rather than on the means themselves. 
4.3 Selection Response in Ic1y 1 1eight and 
Ej'g Weight in Single Trait Selected Lines 
Tables 23 and 24 include the average regression in the weighted mean 
deviations from the control populations (see Tables 1 and 2, Appendix B) 
for body weight and egg weight in the Egg Weight and Body Weight selected 
lines over the 5 generations of selection. The calculated regression 
constant (b) for a linear regression of the form, y = bx, was taken to 
indicate the average assumed genetic response per generation. The 
observed deviations for the selected line from the control population for 
each trait in the last selected generation are also given in Tables 23 
and 24., along with the standard errors of these observed differences. 
TLBLE 	23 
Regression (b) in mean deviations in body weight and egg weight 
in the Egg Weight lines over 5 generations of selection 
Strain 2 Strain 5 
Trait b i.eo of b 0 b i.e. of b 0' 
Body Weight: 
12 weeks g. +14.8 1 5.4 * + 57 8 8.4 N.S. - 1 
28 weeks g. +36.5 113.2 * +127 114 +6.6 113.0 N.S. -.10 117 
44 weeks g. +38.5 2:19.6 N.S. +114 ±18 +3.9 114.3 N-S. —17 421 
gg Weights 
28 weeks g. +1.27 10.26 ** +5.5 ±0.28 +0.93 10.15 +4.7 ±0.27 
44 weeks g. +1.39 ±0.33 ** +6.4 10.31 +1.06 ±0.31 ** +5.2 10.33 





N.S. 	- 	Value of b is not significantly different from zero 
* 	- 	Value of b is significantly different from zero at 90% level 
of b ** 
	
IN 	Value is significantly different from zero at 95% level 




Regression (b) in moan deviations in body weight and egg weight 
in the Body Weight lines over 5 generations of selection 
Strain 2 Strain 5 
Trait b i.e. of b 01 b a.e. of b & 
Body Weight: 
12 weeks g. -34.0 ±7.2 M -185 1 8 —35.5 ±5.0 	•" -190 ±9 
28 weeks g. -49.6 ±20.0 * -300 114 -61.3 ± 8.8 	*** -340 ±16 
44 weeks g. -52.0 ±25.5 N.S. -329 118 -65.5 ±14.8 	** —379 ±20 
Egg Weight: 
28 weeks g. -0.27 ±0.31  N.S. -2.5 ±0.28 -0.63 ±0.15 	11* ±0.25 
44 weeks g. -0.49 ±0.28 N.S. -3.1 ±0.31 -0.62 ±0.20 	• -3.7 ±0. 32 
*10 	• 	Observed mean, deviation from control in final generation I so so of difference  
'I ni 	2 
N.S. 	- 	Value of b is not significantly different from zero 
* - 	Value of b is significantly different from zero at 90% level 
- 	Value of b is significantly different from zero at 95% level 
- 	Value of b is significantly different from zero at 99% level 
-4 
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1.3.1 Direct Responses in Egg Weight 
Following 5 generations of selection for increased egg weight, the 
overall response in 28 week egg weight was 5.50 grams in Strain 2 and 
4.69 grams in Strain 5; the average regression in egg weight per 
generation being 41.2 grams and +0.9 grams respectively (Table 23). The 
change in egg weight amounted to a shift of around 1.6 phenotypic standard 
deviations in each of the two Egg Weight lines. 
The selection response obtained in controlled selection experiments is 
frequently compared with a measure of the selection applied to provide an 
estimate of the realised heritability (Falconer, 1955; 1960). The basic 
formula for the heritability of a quantitative trait can be simply expressed as 
= 	, where4G is the response realised and446P is the selection 
.AP 
applied. The amount of selection applied is normally measured in terms of 
the cumulative selection differential which, when divided by the phenotypic 
standard deviation, gives a standardised measure of the degree of selection 
applied, or the selection intensity (I). 
The selection differentials which were computed for 28 week egg weight 
in the Egg Weight selection lines are summarized in Table 25. These were 
computed for the selected male and female parents separately. In the case 
of females, the superiority of each selected female parent over its 
respective hatch mean was calculated in deriving the overall mean superiority 
of the initially selected female parents. Each average deviation was, 
however, weighted according to the number of progeny recorded in the 
subsequent generation to estimate the realised differential. The selection 
- 75 - 
TABLE 25 
Calculated weighted and unweighted selection differentials 
(grains) in 28 week egg weight in Egg Weight lines 
Strain 2 
Males Feu].ee 
Year 1 - - 3.55 3.61 
" 	2 0.99 0.97 0.63 o.6 
" 	3 2.12 2.10 1.79 1.99 
4 1.21 1.25 1.62 1.86 
" 	5 1.4.1 1.34 1.53 1.58 
Cmmtltjye: 5.73 566 9.32 9.68 
Al =0.99 	 Al A 	 A 	1.04. 
Total realised (z p) = 15.34. g. (4.94. 6) 
Strain 5 
i].ea Females 
Year 1 - - 1.98 2.01 
2 0.94. 0.90 1.14. 1.15 
a 	3 122 1.02 1.28 1.20 
" 	4. 1.20 1.13 1.4.1 1.32 
" 1.66 1.72 1.89 1.85 
Cnmnlntjye: 5.02 4.77 7.70 7.56 
= 	0.95 7 - 	0.98 
Total realised () = 12.33 g. (4..41') 
= Attempted selection differential 
= Realised selection differential 
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differential on the male side was calculated from the mean within 
hatch deviation of the egg weight record of the Male's full sisters. 
The full sib mean was weighted using the factor appropriate to the 
heritability of family means, viz. 	+ 	l)t ' 
	representing the 
number of full sisters and 't' the phenotypic correlation between full 
siba • Later, in calculating the realised male differential, each sib 
group family mean deviation was weighted according to the number of 
progeny contributed by each selected sire to the subsequent set of 
recorded pullets. 
The realised selection differentials in the majority of cases are 
very close in magnitude to the attempted differentials • The ratio of 
the realised to the attempted differential is close to unity in all 
oases, suggesting that there has been little or no natural selection 
operating either for or against the selection criterion adopted within 
these populations. 
The experiment had been planned initially to allow a selection 
intensity of approximately 1 in I+ on the female side and about 1 in 8 on 
the male side, giving a mean selection intensity of around 1.4 phenotypic 
standard deviation units per generation, or a cumulative selection 
differential of 7 6 after 5 generations of selection. The realised 
selection intensities, in practice, have fallen far short of this level, 
reaching a total of only 4..946 for the cumulAtive selection differential 
for 28 week egg weight in Strain 2 and 4..4la' in Strain 5, due in large 
part to the relatively low selection pressure applied on the male side. 
- 77 - 
This was attributable to quite heavy losses occurring amongst the 
young cockerels held in temporary, accommodation outdoors up to the stage 
at which selection decisions were made. 
The linear regression of the response on the cumulative selection 
differential provides a useful estimate of the realised heritability and 
is plotted in Figure 11. The overall value for the realised heritability 
of 0.41 1 0.09 in Strain 2 is in reasonably close agreement with the 
estimate of 0.4.9 1 0.09 for the heritability of 28 week egg weight 
reported within the base population (Clayton and Robertson, 1966). The 
corresponding estimate for the realised heritability in Strain 5 of 
0.4.0 1 0.07 compares with an estimate of 0.50 ± 0.10 given for the 
unselected population. 
4..3.2 Direct responses in Body Weight 
Five generations of selection for reduced body weight resulted in 
an observed decrease in 12 week body weight in the final generation of 
185 grams in the Strain 2 Body Weight line and of 190 grams in the 
replicate line in Strain 5 (Table 24). These overall changes amount to 
an average decline of 34. and 35 grams respectively per generation and an 
overall reduction of just on 2(5p7 in the mean 12 week body weight. 
Table 26 lists the attempted and realised selection differentials 
applied to the primary trait being selected in the Body Weight lines. 
The differentials were computed in an identical manner to those for egg 
weight in the Egg Weight lines. As in the case of the egg weight 
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Calculated weighted and unweihtsd selection differentials 




Year 1 - 	- -101 -102 
N 	2 -33 -35 -19 -16 
I' -52 	 -52 -43 -44 
N 	4 -33 -30 -44 -43 
" 	5 -60 	-59 -61 -57 
Ciinnilative: -176 	16 -268 -262 
= 	0.99 0.98 




Year 1 - 	- -132 -135 
2 -26 -25 -38 -40 
N 	3 -42 	-41 
" 
-4.7 -44. 
4 -24. -24. -37 -34- 
" 	5 -.21 	-21 -49 -50 




Tots.]. realised (z2P) 	- 	-414 g. (-.4.416) 
tteapted selection differential 
RN - 	Realised 	selection differential 
selection, the realised selection differentials are in close agreement 
with the attempted differentials. Also, the final cumulative realised 
selection differentials for low body weight were approximately of the 
same order of magnitude as achieved in selecting for high egg weight. 
The linear regression of the body weight responses on the cumulative 
selection differentials are also plotted (Figure II) and provide an 
estimate of the realised heritability for 12 week body weight. In this 
instance, the calculated values of 0.40 0.07 (Strain 2) and 0.39 1 0.10 
(Strain 5) are appreciably less than the heritability estimates reported 
for the unselected population (0.50 1 0.09 and 0.66 1 0.11 respectively). 
One explanation for this may lie in the fact that selection in these lines 
was in a. downward direction and that some asyuwiotry of response in that 
direction may have resulted in an overall lower rate of response than 
might apply were selection carried out in an upward direction. Previously 
reported selection experiments have shown the response for a given absolute 
selection differential to be greater in one direction than in the other. 
Thus for growth rate in mice Falconer (1960.b)  found that the selection 
response in the direction of small body size was greater than in the 
direction for large size. Festing and Nordakog (1967) obtained a higher 
realised heritability for body weight when selection was carried out in a 
downward direction (52 per cent) compared with upward selection (3,. per 
cent). That marked differences probably exist between strains, however, 
in this respect is suggested by the long-term selection experiment by 
Maloney et al. (1967) who observed a much slower response in their low 
body weight line compared with the line selected for high body weight, 
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the estimates of the realised heritabilities for body weight from the low 
line selection being some 20-30 per cent lower than the corresponding 
estimates from the high line selection. 
4.3.3 Indirect Responses in Body Weight and E gg Weight 
In addition to comparing the direct responses effected in the above 
lines, it is of interest in terms of the validity of the use of the 
measure of genetic correlation in predicting selection response, to 
examine the magnitude of the indirect responses that have taken place 
within these lines. 
It was considered desirable, however, before attempting to compare 
the actual with predicted correlated responses to compute the likely total 
genetic response that had occurred over the period that selection was 
carried out from the average response per generation, multiplied by the 
total number of generations, rather than using the absolute deviation in 
the final generation only as a measure of total response. The estimated 
total responses for the body and egg weight traits are detailed in Table 27. 
In some cases the estimated total response exceeds the observed deviation 
of the selected line in the final generation (Tables 23 and 24) while in 
others it is less. However, on account of the likelihood of chance yearly 
fluctuations, either in the control population or the selected line, 
affecting the magnitude of a deviation in one year only, it was considered 
that an estimate of overall response was preferable and would provide a 
more reliable indication of any consistent correlated trends. 
Ti,BLE 27 
Estimated overall response (z-G) from the average 
yearly change (b) in body weight and egg weight 
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g. 74 -170 + 22 * '.177 •** 
g. +182 -24.8 *** + 33 N.S. -306 *** 




go +6.3 *S* -103 zft .* 
so +6.9 -2.4 •** 
_____ 	 -3.2 •* 
+5.3 ** -301 •** 
14.3. - Not significant 
* - Significant at ,.:. level 
Significant at 9919,. l.ve2. 
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It is possible, knowing the magnitude of the correlated response in 
trait 'y', given the direct response obtained in the same experiment in 
trait 'x' to estimate the realised genetic correlation between 'x' and 
•y', since 
C ,R = I • ii •h • r 	. y 	(Falconer, 1960a) y 	X gçy 
C.R 
Therefore, r 	= 
The realised genetic correlations, for example, between 28 and 44 
week egg weight calculated from the estimated genetic responses were 0.92 
for both strains. This value compares with the estimates calculated 
within the unselected population of 0.96 and 0.95 respectively. 
Body weight was also recorded in the selected populations at three 
different ages and the response in the later body weight measurements 
showed a high degree of correlation with the direct response obtained at 
12 weeks in the Body Weight lines, the realised genetic correlations 
between 12 and 28 week body weight being +0.90 (Strain 2) and +0.95 
(Strain 5), which are higher than the estimates of 0.66 and 0.72 in the 
base population. 
Less predictable, perhaps, is the consistency of the egg weight/ 
body weight correlation and the magnitude of the correlated responses 
applying in practice when selection is made on egg weight or body weight 
alone. In the Lgg Weight line in Strain 2 the change in egg weight was 
accompanied by a significant correlated trend in body weight, resulting 
in an estimated total response in 28 week body weight of 182 grams. In 
this case the realised genetic correlation between body weight and egg 
weight at 28 weeks was +0.55,  compared with the population estimate of 
+0.32. Body weight in the Strain 2 line was consistently positively 
correlated with egg weight, the realised genetic correlation between the 
12 week weight, for example, and 28 week egg weight being +0.37 and that 
between the 44 week body weight and 28 week egg weight +0.7. 
Rather surprisingly, in view of the stronger positive genetic 
correlation noted earlier between body weight and egg weight in the 
other strain, there is a notable absence of a significant correlated 
increase in body weight in the Strain 5 Egg Weight line. 
The correlated trends in egg weight, however, which occurred within 
the body weight selected lines present a different view of the relative 
importance of the body weight/egg weight correlation within the two 
strains. A significant reduction in egg weight has occurred in both 
Body Weight lines within the last two generations of selection, but it is 
only in the Strain 5 line that the overall negative trend is significant. 
In the latter case the overall decline in 28 week egg weight is estimated 
an 3.2 grams, which would suggest a realised genetic correlation between 
egg weight and body weight of as high as +0.73. The realised genetic 
correlation of egg weight on body weight, on the other hand, within Strain 
2 following downward selection for body weight in the Body Weight line is 
calculated as +0.25, which is considerably lower than the estimated 
realised correlation for body weight on egg weight following upward 
selection for egg weight in the Egg Weight line. 
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These results, in Strain 5 at least, possibly point to some asymmetry 
of the egg weight/body weight genetic correlation. According to the 
conventional statistical formulation of correlated response, the genetic 
correlation between characters is assumed to be symmetrical, i.e. 
independent of the fact which of the two traits is subjected to selection. 
Festing and Nordakog (1967) reported a long-term selection experiment in 
the fowl in which they had lines se].cted for egg weight in both an 
upward and a downward direction and similar selection for body weight in 
both directions. They noted that the agreement was good between the 
realised correlations in the downward selected lines with the estimates 
obtained from variance component analyses, but there was divergence 
between the two types of estimate in the upward selected lines. In 
particular, a weak correlated response in body weight was observed in 
the line selected for large egg size. This observation is similar to 
what has been noted in the case of the Strain 5 Egg Weight line. 
4.4 Selection Reponaes in Body Weight and 
E_gg Weight in Regression and Ratio Lines 
The responses obtained under single trait selection in the Body 
Weight and Egg Weight lines have provided confirmatory empirical evidence 
of the existence of a moderately strong genetic correlation (r8 > +o.) 
between body weight and egg weight within both strains used in this study, 
when selection was applied in practice to reducing body weight. The 
same magnitude of correlation was observed in Strain 2 between body weight 
SIM 
and egg weight when selection was applied to egg weight in an upward 
direction. Observation of the selection responses, however, within the 
Strain 5 Egg Weight line has failed to inMcate any significant realised 
correlation of body weight with egg weight. In ad.ition, the magnitude 
of the direct responses obtained within these lines provides a useful 
yardstick with which to compare the selection efficiency of the two 
selection techniques used in an attempt to modify the normal egg weight 
to body weight relationship in the laying hen. 
4.4.1 Begreseton Selection 
The postulated objective in the 2 Regression lines was to achieve 
the maximum gain in egg weight while maintaining constant body weight 
by using a simplified restricted index (Kempthorne and Nordekog, 1959; 
Abplanalp Lt &1. , 1963) in which body weight was negatively wei6hted by 
the average estimated genetic regression of body weight on egg weight 
within these particular breeding populations (of. Purser, 1960). 
(a) Genetic Changes in Egg Weight 
Figures 12 and 13 present in graphical form the responses obtained 
in egg weight as observed at both 28 and 44 weeks of age in the Strain 2 
and Strain 5 Regression lines respectively. These response curves are 
plotted alongside the observed change in egg weight in the Egg Weight 
lines. The average regression in the mean annual deviations from the 
control was also calculated and indicates, as would be expected, a highly 
significant upward trend in egg weight (Table 28). In the case of the 
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TABLE 28 
Regression in mean deviations in body weight and egg weight 
in the !egression lines over J+ generations of selection 
Strain 2 
b s.e. of b Ot 
Body Wsht: 
12 weeks g. -1.3 ±3.2 N.S. -14 1 8 
28 weeks g , - 9.1 124.8 N.S. -41 114 
44 weeks g. -11.9 ±32.0 N.S. -67 48 
4RK Viight: 
2E weeks g. +1.98 10.61 ** +6.8 10.27 
44 weeks g. +2.10 ±0.37 ** +7.9 10.31 
Strain 5 
b s.e. of b 
Body Weight: 
12 weeks go +15.4 116.2 N.S. +79 ± 9 
28 weeks g. + 3.9 127.7 N.S. +14 ±17 
44 weeks g. - 0.4 125.2 N.S. 0 121 
Eg 	weight: 
28 weeks g. 1.07 ±0.35 ** +4.1 10.28 
44 weeks g. -,-1.28 10.48 * +4.9 2;0j 
TO = Observed mean deviation from control in / 
final generation 1 a • e • of difference 	/ (- +  
2 
N.3. = Value of b is not significantly different from zero 
* 	Value of b is significantly different from zero at 90 level 
Value of b is significantly different from zero at 95 level 
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Strain 2 Regression line the average response per generation of 1.57 
grains has been notably higher than the average rate of response in the 
Egg Weight line. In Strain 5 the relative rate of response as between 
the regression and egg weight selection has been of approximately the 
same order of magnitude. 
The total change effected in 28 week egg weight through selection 
on deviations from the egg weight/body weight regression over i. 
generations is equivalent to a change of 2.2 6p in Strain 2 and of 1.56P 
in Strain 5, compared with 1.6 6 after 5 generations of egg weight 
selection in both strains. 
The response curves in 44 week egg weight closely follow the trends 
observed for egg weight at 28 weeks, although the magnitude of the 
absolute value for the deviation tends to be greater, corresponding to 
the increase in mean egg weight with age (Cowen at al., 1964). 
On terminating the selection experiment, mean 28 week egg weight in 
the Regression lines had reached a level about 13 per cent in the case 
of Strain 2, and about 8 per cent in Strain 5, above the mean level in 
the control population. 
(b) Genetic Changes in Body Weight 
The changes that have taken place in the Egg Weight and Regression 
lines relative to the control are plotted for 3 different ages in Figures 
24 and 15. As antioipated., no significant overall changes were observed 
in body weight in the Regression lines. Thus, the regression selection 
technique has successfully prevented a correlated increase in body weight 
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associated with the increase in mean egg weight in Strain 2 2 at least, 
in the short term. Mean body weight was latterly 10 per cent lower in 
the Strain 2 Regression line compared with the mean body weight for the 
Egg Weight line, although egg weight was 3 per cent higher in the 
Regression line. 
Any advantaçe in using the regression selection in order to maintain 
constant body weight while increasing egg weight is not apparent on 
comparing the relative changes in mean body weight that have occurred 
in the Strain 5 Regression and Egg Weight lines, on account of the noted 
absence of any significant increase in any case in body weight following 
straightforward selection for increased egg weight. There has been no 
significant change in body weight in the Strain 5 Regression line, but 
then neither has there been any in the line selected for increased egg 
weight alone. 
.4.2 Ratio Selection 
The anticipated result of selection on the egg weight to body weight 
ratio was a rapid decrease in body weight, accompanied by a slight increase 
in egg weight. This expectation was based upon the known variances and 
covariance of the component traits forming the ratio (Turner, 1959) and 
was fully discussed in Section 3.3.2. 
(a) Genetic Changes in Body Weight 
The actual decline in body weight that has occurred over 4 generations 
of Ratio selection is plotted graphically in Figure 16 (Strain 2) and 
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and Figure 17 (Strain 5). In both strains the total reduction effected 
in body weight is highly significant at all ages and at the later ages 
is more than comparable with the reduction in body weight brought about 
over 5 generations through selection on body weight at 12 weeks • For 
example,, the estimated average rate of decline in 28 week body weight 
per generation, estimated by regressing the mean deviation in body 
weight on the generation number (Table 29) has been -70 grams and -98 
grams in Strain 2 and Strain 5 respectively, which is considerably 
greater than the average decline noted in the Body Weight lines. 
However, it should be noted that the average rate of decline has been 
reduced in the Strain 2 Body Weight line in large part due to an upward 
trend contrary to the direction of selection which occurred in the second 
generation, in spite of a negative realised selection differential among 
the selected parents. This would imply that the realised heritability 
for that one generation had a negative value which, of course, is nonsense. 
The reason for the anomalous response in this particular instance remainR 
unexplained, but it has reduced the overall rate of response considerably. 
The more rapid decline in body weight noted at 28 and 44 weeks of 
age, however, in the Ratio lines compared with the Body Weight lines is 
not apparent at 12 weeks of age where the two sets of responses are more 
or less equal. This might sugest that selection at a later age (28 
weeks) is less effective in changing body weight at a younger age than 
selection at an early age is in bringing about a change in body weight at 
an older age (of. Abplanalp, 1963; Merritt, 1966; 1968) and that this 
'.SE. .i c4tt'ti 	 4i 
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TABLE 29 
Regression in mean deviations in body weight and egg weight 
in the Ratio lines over 4. generations of selection 
Strain 2 
b a. 9. of 01 
Body Weight: 
12 weeks g. -28.7 ± 5.1 ** -118 ± 8 
28 weeks g. -70.7 115.5 ** -318 ±24 
44 weeks g. -80.6 112.2 * -354 118 
gg Weight: 
28 weeks g. +0.70 10.4-3. N.S. +1.8 1 .28 
44 weeks g. +0.44 ±0.32 N.S. +1.1 1 .32 
Strain 5 
b 	e.e. of b ot 
Body Weight: 
12 weeks 	g. -36.2 	113.5 	* -159 110 
28 weeks g. -98.4. 	±22.1 ** .405 48 
44 weeks 	g. -109.4- 	127.1 	** .i453 122 
Egg Weight: 
28 weeks 	g. -0.31 	10.24. 	N.S. -1.6 ±0.29 
44 weeks g. -0.59 10.32 	N.S. -2.5 10.36 
= 	Observed mean deviation from control in 	t 
final generation I s.e. of difference = + 
N • S. = 	Value of b is not significantly different from zero 
* = 	Value of b is significantly different from zero at 9(Y/0' level 
Value of b is significantly different from zero at 95% level 
Value of b is significantly different from zero at 99114 level 
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would be reflected in some asymmetry in the realised genetic correlations. 
However, on account of the different selection procedures adopted in this 
study one cannot compare the correlated response in 12 week body weight 
directly with the response in 28 week body weight obtained by selecting 
on values for the ratio, since the response which has resulted in 28 week 
body weight is not a direct response. It was noted earlier, however, 
that the estimated realiaed genetic correlation between 28 week and 12 
week body weight following selection for 12 week weight was notably higher 
(rg > +0.9)  than the estimates of around +0.7 obtained by variance analyses 
in the population. Would measurement of the correlated response in 12 
week body weight, given single trait selection on 28 week weight, have 
yielded a lower estimate for the realised genetic correlation, say +0.5? 
The overall reduction in 28 week body weight following Li generations 
of Ratio selection amounted to 1.36p and 2.36p in Strain 2 and Strain 5 
respectively. 
(b) Genetic Changes in Egg Weight 
Figures 18 and 19 illustrate the changes that have occurred in mean 
egg weight in the Ratio lines in comparison with the consistently downward 
trends in egg weight that have occurred in both Body 'eight lines following 
selection for lower body weight. 
The Ratio selection in Strain 2 has been notably successful in 
maintaining egg weight (if not significantly increasing it) coincident 
with a reduction in mean 28 week body weight of over 1) per ceit in this 
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means had indicated a significant upward trend in egg weight within the 
Ratio lines • Examination of the mean deviations from the control, 
however, suggests that these trends are no longer statistically 
significant, although a positive trend in the Strain 2 Ratio line is still 
clearly apparent. A reassessment of the overall trend in egg weight in 
the Strain 5 Ratio line on the basis of mean deviations suggests a 
negative rather than a positive overall trend, although the trend is not 
yet atatisticaUy significant. However, these two examples serve to 
illustrate how misleading changes in the mean performance alone can be. 
Although mean egg weight has apparently declined in the Strain 5 
Ratio line by between 1-2 grams, the mean level is nevertheless about 3 
per cent higher in the Ratio compared with the Body Weight line, in spite 
of the fact that mean body weight is appreciably lower in the Ratio line. 
4.4.3 Comparison of Ratio and Regression Selection Procedures 
Table 30 summarises both the initial and final realised cumulative 
mean differentials for body weight and egg weight among the parents 
selected in the Ratio and Regression lines over 4 generations. These 
cannot be used directly, however, to estimate the efficacy of the selection 
response since selection on the ratio or deviation from regression involves 
selecting upon both body weight and egg weight simultaneously and these 
traits are not genetically independent. Thus, it is necessary to 
compute the realised selection differentials in this instance in terms of 
units of the index itself. These were calculated from the differentials 
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TL.Bi2 30 
Cumulative differentials (L) in body weight 
and egg weight among the selected parents 























L Body Weight 
	
Egg Weight 
28 weeks 28 weeks 
Line: 	 g. 	 8 . 
I. 	W* 
Regression 	-202 	-179 	+ 9.85 
	
+ 9.70 
Ratio 	 -653 -655 + 0.99 + 0.99 
*1 = Initial differential summed over all selected parents 
= Weighted realised differential according to the number of progeny 
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for body weight and egg weight observed among the selected parents. The 
resulting estimates are tabulated (Table 31), both as absolute values and 
in terms of standardised units of the phenotypic standard deviation of 
the selection criterion. 
The primary response in the compound trait was also calculated 
indirectly from the observed change effected by the selection on body 
weight and egg weight separately. 
The intensity of selection in the Strain 2 Regression line, 
amounting to 4.97 standardised units of the index, was as high as the 
intensity achieved for straightforward selection for body weight or egg 
weight in the single trait selected lines. However, the cumulative 
selection differentials in the other lines all fell below J+ standardised 
phenotypic units and were lower than the intensity achieved in the Body 
Weight and Egg Weight lines. 
The realised heritabi]J.ties using the two selection procedures were 
estimated as a ratio of the observed response in relation to the total 
selection differential applied. The values obtained in Strain 2 were in 
close agreement with the earlier values predicted for the heritability of 
the ratio (0.46 predicted and 0.45 realised) and for the index for deviation 
from regression (0.44 predicted and 0.4.8 realised). In Strain 5 the 
realised heritability for ratio selection (0.4.9) was close to the estimated 
value of 0.51 (Table 8), while the realised value of 0,37 for the index 
selection was only marginally lees than the heritability estimate derived 
earlier (0.42). (See Table 7, page 24). 
re1 
TABIã 31 
ictua1 selection differentials (z-'), intensity of 
selection (i) achieved and ralised heritabilities 
in Aarim6slQu and .atio lines 
Selection Criterion: 	 Response (G) 
(Estimated) 	h2 
Bs€rsssiont (I) 
Strain 2 	+15.58 	(+4,97 ) 	+7,00 	 0145 
Strain 5 	+10.79 	(+3.85 ) 	+4.02 	 037 
Ratio (r) 
Strain 2 	+.0102 	(43.77 ) 	+.00491 	0.48 
Strain 5 	+100808 	(+3.73 ) 	+.00436 	 0149 
EW - b 
_r 
EW - 
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Given the standardised selection differentials applied within all 8 
selected lines and using the formulas described in Section 3.3 to compute 
the essential parameters for the Ratio and Regression traits, it is 
possible to predict the expected direct and correlated responses in the 
index traits as well as in both component traits for each of the 
selection criteria using the normal response equations (Falconer., 1960). 
Of particular interest, for example, is a comparison of the magnitude of 
the correlated responses in the index traits on selecting for body weight 
or egg weight solely. 
Table 32 gives the calculated expected responses for all 4 selection 
lines in Strain 2 alongside the actual observed responses. Table 33 
presents similar data for Strain 5, The observed responses given in 
the above tables are the weighted mean deviations of the selected line 
from the control population in the last selected generation. The 
standard errors of these observed differences are also included. 
Egg weight selection in Strain 2 resulted in an increase in egg 
weight of 1.78 6p as a direct response and a correlated response of 
+0.77 (5) in body weight, with the result that while the mean deviation of 
the line from the average regression of egg weight on body weight has 
increased, the mean ratio has changed little • In Strain 5 the predicted 
correlated response of 182 grams in 28 week body weight did not materialise, 
with the result that the mean egg weight to body weight ratio has improved 
slightly in this line on account of an increase of 1.67p in egg weight. 
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TABLE 3Z 
Comparison of predicted with actual observed 






Response measured in: 
Egg Weight (28 weeks) Body Weight (28 weeks) Ratio EW BW Index (i = EW - b.BW) 
g . g. 
0 . E.* O. 
+ 7.2 +5.53 0.28 +117 +127 	114.3 +0.025 +0.011 +6.92 +4.76 
- 1.36 -2.47 ±0.28 -217 ± 8.2 +0.029 +0.025 0 -0.65 
(12 weeks) 
+ 2.18 +1.77 ±0.28 -209 -318 	114.4 +0.042 +0.049 +3.45** +3.70 
+ 6.89 +6.75 ±0.27 0 - 41 	114.0 +0.034** +0.028 + 6.51 +7.00 
Legend to Tables 32 and 
B. = Expected response calculated either as a direct response in x, 
	
= i.h2 . 6p1 ; 	 or as a correlated response in y following selection for x, 
CR 	= i h.h .rp 	.p 	 (Falconer, 1960 ). 
Y y a 
*0. = Observed mean deviation for the selected line in egg weight and body weight from the mean for 
the control population in the last generation of selection; or In the case of the Ratio and 
Regression 'Traits' as calculated from the observed deviations in the component traits. 
• 	Observed primary responses are underlined thus: +5.53 ±0 .28. 
Correlated response in ratio or index following selection on the index or ratio respectively 
and calculated indirectly from the expected correlated responses in the component traits. 
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TABLE 33 
Comparison of predicted with actual observed 
responses within all 4 selected totulations, Strain 5 
Resoonse measured in: 
Fg 	Weight (28 weeks) Body :.,ejgilt  (28 weeks) Ratio BW Index (I = EW - b.BW) 
g. g. 
$election Criterion E.' 0.' O. E.' 0.* E.* 
Egg Weight +5.90 +4.69 	±0.27 +182 - 10 ±17 +0.009 +0.025 +5.1 +4.75 
Body Weight -2.91 -3.49 	t0.25 -271 -M ±15.9 +0.033 +0.025 0 -1.42 
(12 weeks) 
Ratio +0.96 -1.59 	±0.29 -301 -405 117.9 +0.046 _____ +1.76 +0.87 
Regressior +4.49 +4.10 	±0.28 0 + 14 117.1 +0.023 -0.019 +5.5 +4402 
See Footnote to Table 32 for Legend relating to the above Table 
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In the case of the Body Weight selection, the correlated responses 
are generally in the direction predicted, although the observed decline 
in egg weight as a correlated response to downward selection for body 
weight has, in fact, been substantially greater than predicted. The 
decline in egg weight amounted to 0,86p  in Strain 2 and 1.2 (Sp in Strain 
5, while body weight was reduced by approximately 2p in both lines. 
The observed change in the mean egg weight/body weight ratio in the 
Strain 2 Body Weight line is in close agreement with the correlated 
change predicted. In the Strain 5 Body Weight line, however, in which 
the primary response in body weight was not as large as expected and the 
correlated decline in egg weight was more than predicted, the increase in 
the mean ratio value has not been as significant. 
The Ratio selection has obviously altered the mean egg weight/body 
weight ratio most of all the selection procedures essayed. The 
observed response in the mean ratio in both Ratio lines was equivalent to 
a shift of 1.8 phenotypic standard deviations in the ratio. The 
correlated responses in the component traits which form the ratio 
matched predictions as far as the direction of the responses obtained in 
Strain 2, although the magnitude of the actual increase in egg weight has 
been less than predicted, while the observed decrease in body weight was 
considerably greater than predicted. In the Strain 5 Ratio line, egg 
weight has declined by 0.5 (gp, although the predictions would have led 
one to expect a modest increase in egg weight. Body weight, however, 
has decreased by over 100 grams more than predicted. The Ratio 
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selection in Strain 2 has increased the mean deviation from regression 
by just over 1 Gp, but in the replicate line in Strain 5 in'which 
selection has reduced both body weight and egg weight, VOXy- little 
change has occurred in the mean deviation from regression. 
The Regression selection within Strain 2 has brought about a 
substantial increase, amounting to 2.23 6P. in the mean deviation from 
regression, achieved through an increase of 2.16p in egg weight in the 
absence of a correlated increase in body weight. Coincidentally the 
mean ratio increased in this line by approximately 1 6 (or about half 
the direct response observed in the Ratio line itself). In general, 
the response to Regression selection in Strain 5 has been less marked, 
although the correlated responses were all in reasonably close agreement 
with those predicted, the most noticeable discrepancy being in the direct 
response itself which was considerably lower than expected. 
4.4.4. Coiio1usono 
The relative mean 28 week body weight and egg weight of all J+  
selected lines in the final recorded generation are compared with the 
control population in a graphical presentation in Figure 20 for Strain 2 
and Figure 21 for Strain 5 • These possibly depict the relative changes 
that have been effected within the Ratio and Regression lines much more 
clearly than any description. 
Selection on deviations from the linear regression has obviously 
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calculated within the base population. The Ratio lines, however, now 
have substantially the greatest proportionate mean egg weight, about half 
of the improvement in this respect being due simply to the reduction in 
overall body weight within these lines, the other half being due to a 
significant positive deviation from the average regression. In 
comparison, although selection for reduced body weight alone has resulted 
in an increase in the mean ratio, the lines do not deviate substantially 
from the average regression of egg weight on body weight, since the body 
weight change has been accompanied by a less than proportionate change in 
egg weight in the same direction. 
On the other hand, the marked positive deviation in both Egg Weight 
lines from the average regression points to the fact that body weight has 
increased proportionately less than would be predicted on an arithmetic 
scale for the observed egg weight change from the linear regressions. 
This observation would suggest that some non-linearity must exist in the 
egg weight to body weight relationship. 
The Regression selection technique has shown quite clearly that it 
is possible to increase mean egg weight without altering body weight by 
selecting, however, on nw.ximum deviations from the assumed linear genetic 
regression. 
4.5 Observed Changes in other Traits within the Selected Lines 
The Ratio and Regression selection techniques have effectively 
altered the relative egg to body weight relationship within the two strains. 
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It in seldom, however, that the practical poultry breeder can restrict 
his attention, for reasons of overall balanced performance, solely to two 
traits. Thus the question must be asked: How have these selection 
procedures affected some of the other production characteristics of these 
lines? 
4.5.1 Egg Production Traits 
Figures 22 and 23 present the trends in survivors' egg production of 
the 4 selected lines as mean deviations from the control population over 
the 4-5 year period that selection was carried out. 
In view of the quite marked yearly fluctuations, it is difficult to 
differentiate any consistent overall trends • The mean deviations were 
regressed on years and the only consistent overall trend that reached 
statistical significance (90 per cent level) was a decline of 1.25 eggs 
per generation in the early part record from 20 to 44 weeks of age in the 
Strain 2 Regression line • It is apparent, however, that a downward trend 
is also emerging within both the Body Weight and Ratio lines in Strain 5. 
The only suggestion of any upward trend in egg production was within the 
Strain 2 Body Weight line. 
In order to compare the actual trends in the egg production traits, 
including sexual maturity (age at first egg), with the anticipated 
responses following selection for body weight or egg weight, the probable 
overall correlated change was estimated by using the calculated average 
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of the yearly fluctuations it was thought this would give a more reliable 
estimate of the overall response than the simple deviation noted in the 
final generation. The changes thus noted in the Body Weight and Egg 
Weight lines are given in Table 	along with the changes predicted as 
an indirect response to selection for reduced body weight or increased 
egg weight. 
In the case of the former, selection for reduced 12 week body weight 
was anticipated to increase total egg production in Strain 2, although it 
would lower egg production in the early period through a delay of about 
1 week in sexual maturity. In Strain 5 the selection on body weight ought 
to have had little effect on total egg production. In fact, egg numbers 
over the full period fell by almost 12 eggs per bird. In the Strain 2 
Body Weight line, however, egg numbers increased by somewhat more than 
predicted. 
In the case of the egg weight selections both sets of predictions 
suggested that the increase in egg weight achieved within these lines 
should have been accompanied by a quite marked decline in total egg 
production. However, the predicted decline in total egg production of 
almost 20 eggs in the Strain 2 Egg Weight line did not materialise in 
practice, egg numbers showing little significant change overall. Egg 
production has declined substantially, however, in the Strain 5 Egg 
Weight line in keeping with predictions. 
Table 35 gives the overall changes noted in the egg production 
traits for the Regression and Ratio lines. The regression selection in 
TABLE 34 
Comparison of expected (E) and observed (0) 
change in egg production traits following single 
trait selection for body weight or egg weight 
Egg Production 
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Chances in Egg Production Traits in AegreuI.on and Ratio lines 
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Strain 2 has adversely affected egg numbers and, in tact, has resulted in 
the most marked decline amongst all 8 selected lines. The overall 
decline of 34 eggs in total egg production, amounting to a change of 
approximately -0.46p, should be contrasted with the insignificant 
decline of 1.8 eggs in total egg production in the Strain 2 Egg Weight 
line, which might suggest that selecting for changes in egg weight 
independent of body weight has a more deleterious effect on egg numbers 
than straightforward egg weight selection. In the Strain 5 Regression 
line, however, egg numbers have declined by less than half the decline 
noted in the Egg Weight line. 
The correlated responses in egg production in the Ratio populations 
appear to parallel those observed in the Body Weight lines, egg numbers 
tending to increase in Strain 2, but to decline in Strain 5. The 
magnitude of these changes is, however, less than in the case of the 
Body Weight lines. 
In conclusion, it may be said that in view of the earlier erratic 
fluctuations in egg production among the various lines it is probably too 
early to confirm any overall trends in egg production accompanying these 
selection procedures after only Z. or 5 generations and, in the case of 
the later egg record, only 3 years' data • However, a significant and 
substantial decline of abut 8 per cent in total egg production has taken 
place in the Strain 2 Regression line, while egg numbers are probably 
declining also in both the Egg Weight and Body Weight lines in Strain 5 and 
possibly in the Ratio line. Egg numbers have, however, increased if 
anything in the Strain 2 Body Weight and Ratio lines. 
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.5,2 Laving House Mortality 
The data kept on the respective viability of the lines has been 
limited to the mortality recorded in the laying house from point-of-lay 
to the stage at which breeders were selected. The average overall 
percentage mortality for each line over the 4.-5 generations that each 
line has been maintained is given in Table 36. These figures do not 
augest any noticeable difference between lines as regards their 
viability over this one particular period. With the exception of the 
Strain 5 Egg Weight line in the 1963-64 season, mortality has not 
exceeded 2 per cent per month. The exceptionally high mortality which 
occurred in the Strain 5 second generation of the Egg Weight line 
coincided with the ocourence of a significant number of birds with a 
penguin-like posture, characterised by excessive weight and large swollen 
abdomens, although many remained in lay. A similar condition has been 
reported in White Leghorna (Williamson, 1964) and it can be attributed to 
the right, normally non-functional oviduct, becoming cystic. McBride 
(1962) postulated that a single gene was involved, but this has since been 
refuted by Williamson (1965). The condition was not investigated further 
in this particular flock. In selecting the subsequent set of female 
breeders obviously affected birds were excluded and the condition has not 
recurred to any noticeable extent. However, the reason for its occurrence 
and non-recurrence must remain for the present purely speculative. 
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TABLE 36 
Percentage laying house mortality to 44 weeks of age 
Strain 2 
Year Jgg Weight Regression Ratio Body Weight 
1962-63 2.6 * * 4.3 
1963-64. 7.6 6.3 6.2 10.8 
1964-65 7.4 6.6 6,2 9.3 
1965-66 7.1 32.6 5.5 8.8 
1966-67 4.2 4.9 5.5 3.7 
Strain 5 
Year 3gg Weight Regression Ratio Body Weight 
1962-63 12.8 * 10.2 
1963-64. 29.9 8.9 6.9 10.6 
1964-65 8.9 * * 2.9 
1965-66 8.2 6.9 7.0 1.6 
1966-67 7.1 4.7 2.6 3.3 
1967-68 * 9.8 79 * 
* Line not recorded 
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4.5.3 Fertility and Hatchability 
No comparative data will be presented for these traits because it 
was considered that the information available was affected by too mxy 
uncontrolled environmental variables. Eggs for setting in the first 
instance were collected over a 2-week period and the length of storage of 
hatching eggs was not standardised between hens on account of the 
difference in rate of lay between individuals. Hatchability was generally 
poor within all lines, including the control populations (Buvanendran, 
1967). 
Prolonged storage, combined with large egg size differences between 
lines would be expected to result in differences in hatching rates 
(MacLaury et Al. 0 1968) and it is doubtful if one standard set of incubation 
conditions was equally beat suited to the eggs from all lines when set 
together in the same incubator. It has been observed that the eggs from 
the large Egg Weight lines took significantly longer to hatch and it has 
been the practice latterly to set these eggs several hours earlier than the 
eggs from the other lines in an attempt to synchroniae hatching time 
(Bohren 	., 1961; Crittenden and Bobren, 1961; 1962). 
In view of the absence of detailed information on relative fertility 
and hatchability, the point should be made that the selection differential 
calculations presented earlier did not provide any evidence of a major 
fitness problem having arisen within any of the lines to date. In all 
cases the realised selection differentials were very close to the 
attempted selection differential. 
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5. CONCLUDING DISCUSSION 
In presenting the foregoing results, the assumption has been made 
that where consistent and significant trends existed in the mean deviations 
of the selected line from the control population, those represented a 
genetic trend arising as a direct or correlated response to the selection 
applied. However, other factors could conceivably have affected mean 
performance. 
Effect of inbreeding. One such possible confounding factor is the 
amount of additional inbreeding that occurred in the selected lines in the 
course of selection. The numbers of effective sires and dams used to 
reproduce each of the lines are tabulated in Appendix D. From these one 
can predict the anticipated increase in the average degree of inbreeding 
using Wright's 1940 formula. These calculations suggest that the 
cumulative change in the inbreeding coefficient did not exceed more than 
6 per cent in any of the lines over the 4-5 generations of selection. 
However, Wright's formula does not strictly apply in the circumstances, 
for it assumes that mating for one thing is at random. Chong (1970) has 
calculated the average inbreeding within the Strain 2 lines from the known 
pedigrees using the co—ancestry method (Crwian, 1949; Emik and Terrill, 
1949) and his calculated values, in all oases, are higher than those 
predicted. The most striking difference was in the Regression line in 
which the calculated increase of 11 per cent in the average inbreeding 
coefficient was more than double that predicted from the number of 
effective parent. (44 per cent). 
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Craig .t. ( 1969) estimated the effects of mild inbreeding of 
between 5 and 7 per cent on a number of performance traits in several 
lines undergoing selection, but they concluded that adjustments for 
inbreeding were not warranted due to the inconsistencies, the lack of 
significance of the average regression of the traits and the relatively 
low levels of inbreeding attained. }Iowever, at the apparent level of 
inbreeding attained, in the Strain 2 Regression line at least, some decline 
in the egg production traits is likely to have occurred as a result of 
inbreeding depression (Stephenson •t al., 1953; T.bb, 1958) 9 which might 
explain part, but not all, of the marked decline in egg production in 
the Strain 2 Regression line. On the other hand, it is conceivable that 
the modest increase in the average level of inbreeding has depressed egg 
production in some of the other lines, ther.r masking the actual gains 
in potential egg production that may have arisen as a correlated response 
to selection. 
As far as the selection responses in body weight and egg weight are 
concerned, Shaffner (1948) has reported little effect of inbreeding on 
these two traits. This was confirmed t,y Blow and Glasener (1953) and 
would suggest that the mean deviations in body weight and egg weight need 
not be corrected for inbreeding effects. 
Constancy of control populations. One other important issue in 
relation to the results discussed is the question as to whether the 
control populations have, in fact, remained genetically stable, or 
whether thy have responded to changing environmental conditions to the 
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same extent as the selected lines. The mating scheme that was used 
ought to have minimised any possible change from inbreeding, drift and 
natural selection and further study of theee populations might be 
useful. Computation of the mean realised selection differentials among 
the parents used annually to reproduce the control populations might 
confirm whether or not any selection has been applied incidentally, for 
example, to body weight and egg weight, in view of the significant upward 
trends noted in these traits. However, the fact that these trends were 
observed in both control populations would suggest that the trend was 
indeed environmental and not genetic. 
The value of replication was also apparent in the analysis of the 
selection responses, particularly in revealing the lack of a correlated 
response in body weight in Strain 5 following selection for increased 
egg weight, and also as regards the lack of consistency in the associated 
trends in egg production between the several selected lines. On the 
other hand, the reasonably close agreement between the responses 
obtained using the Regression and Ratio procedures between the 
replicated lines provide, more convincing evidence of their usefulness. 
The fact that the breeding populations used in this study had been 
maintained under relaxed selection for at least 5 years, during the 
latter 3 of which they had been maintained as large random mated flocks 
(Clayton and Robertson, 1966) before establishing the control populations 
is pertinent in a discussion of the constancy of the controls. The 
period of relaxed selection meant that the populations had most probably 
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reached some degree of genetic equilibrium before the experiment was 
initiated. This may have been particularly important with respect to 
egg weight in the context of this experiment, since it has been 
considered (Lerner, 1950) that populations of commercial chickens have 
been subjected to fairly intense pressure for egg weight with the result 
that egg weight is above the point of optimum biological efficiency. The 
period of relaxed selection preceding the commencement of the experiment 
meant that any loss of temporary epistatic superiority due to linkage 
disequilibrium under previous selection as commercial strains ought to 
have occurred beforehand. Egg weight in the two strains on commencing 
the experiment was about 2.5 per cent of body weight, suggesting that egg 
weight had previously regressed, not only as regards its absolute mean 
value, but also proportionate to body weight. 
The principal concern of the study reported in this thesis was an 
empirical test of the usefulness of the Ratio and Regression selection 
procedures. Experimentation with these procedures ought to be of interest 
In two respects. The first is with regard to the genetic inter-
relationship of egg weight and body weight in the fowl, the nature of the 
genetic correlation that exists between them and the extent to which their 
biological association can be modified. The second area of interest 
concerns their usefulness as practical selection techniques to improve 
the overall economic performance of commercial egg producing strains of 
poultry. 
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(1) Genetic implications of changes effected by selection. It was 
pointed out earlier that in view of the moderate genetic correlation 
between egg weight and body weight and considering the amount of additive 
genetic variance for each of the two traits, it ought to be feasible to 
exploit the independent genetic variance in each of the traits • The 
Ratio selection would be expected to favour those genes which acted 
positively upon egg weight, but negatively upon body weight, or tended to 
reduce body weight with little or no effect on egg weight. The Ratio 
selection would be eventually expected, by acting upon those independent 
loci affecting body weight or those loci contributing to the negative 
covariance, to result in an increase in the positive correlation between 
egg weight and body weight. Since selection would ultimately be expected 
to bring about fixation at all loci other than those contributing to the 
positive covariance, the genetic correlation ought sooner or later to 
approach unity, i.e, all the variation remaining in either trait alone 
would be the result of pleiotropio or closely linked genes affecting both 
characters in the same direction. 
The Regression selection, on the other hand, aimed to exploit the 
genetic variance in egg weight independent of the covariation between 
body weight and egg weight through selecting for genes having a positive 
effect on egg weight, but no effect on body weight. 
Table 37 summarises the estimates of the body weight/egg weight 
correlation within the selected populations as computed within the last 2 
generations (see Appendix C). These estimates would certainly point 
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towards the suggestion of an increase in the magnitude of the positive 
correlation within both Ratio lines. However, one cannot place too great 
an emphasis on the absolute value for these estimates as they are sub ject 
to quite large sampling errors arid, in some instances, show a marked 
fluctuation in their magnitude between years. 
i~ean estimates of 28 week Body sight/ 
1 Weight enetio correlation in 
final 2 generations within selected lines 
Ltre4.n 2 $train 5 
gs+i) 
Base Population +0.31 +0.42 
Line: 
Egg Weight +0.83 +0.57 
Regression +0.4.8 +0.4.3 
Body %èeight +0.36 +0.63 
Ratio +0.99 +0.82 
Approximate standard errors of correlation estimates - ZO.10 
In view of the high degree of correlation indicated in the Ratio 
line it was considered worthwhile recalculating the values as given in 
Table 8 (page 26) for the heritability of the Ratio and its correlation 
with the traits forming the Ratio • The earlier predictions had 
Indicated a slight but positive correlation between the Ratio and egg 
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weight, yet the later responses in egg weight in both Ratio lines have 
shown a downward response in egg weight, suggesting that the relationship 
of the Ratio to egg weight has altered as a result of a change in the 
underlying parameters. The recalculated heritabilities and genetic 
correlations for the Ratio are included in Table 38. These were 
calculated using the variances and oovariances for egg weight and body 
weight estimated in the last 2 generations in the Strain 2 Ratio line 
and over the last 3 generations in Strain 5. 
TABLE 38 
Re-estimated values for the heritabilities 
and genetic correlations of body weight, 
EW egg weight and of the ratio 	in Ratio lines 
Strain 2 (S2) and Strain 5 (35) 
Body Weight 	Egg Weight 	Egg Weight 
28 weeks 28 weeks Body Weight 
h2 	 Genetic correlations,, 
28 wk. Body Weight 	32 0.51+ 	 +0.99 	-0.82 
35 0.73 
28 wk. Egg Weight 	 32 0.1+5 	-0.30 
	
+0.82 	35 0.62 
Egg Weight 	 32 0.23 
Body Weight • 79 	 • 20 	35 0.36 
Genetic correlations r8 
* Estimates for Strain 2 lie above, and 
those for Strain 5 below the diagonal 
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These estimates reveal a remarkable change in the relationship 
between the Ratio trait and egg weight; the genetic correlations now 
being as strongly negative as formerly they were positive. The 
heritability of the Ratio trait has declined considerably, although the 
heritability of body weight and egg weight has not diminished. 
Continued selection on the basis of the Ratio would thus be expected to 
give a lessened response per generation and a correlated decline in mean 
egg weight although the Ratio value itself would increase. 
The Regression selection lines have responded very much as predicted. 
Egg weight has continued to increase up to the last generation of 
selection, although the realised heritability in Strain 5 has been 
somewhat lower than the estimated heritability for deviations from 
Regression. Body weight has been effectively maintained constant. The 
current level of heritability of the Regression index in the selected 
lines was calculated within the last 2 generations and this is included 
in Table 39. The estimate for Strain 2 has declined, suggesting that the 
rate of response to selection for deviations from Regression will begin to 
diminish. For the present, however, the heritability of the index in the 
Strain 5 Regression line appears as yet undiminished. 
In summary, the overall fit of observed with predicted changes in the 
principal traits examined in this study has been reasonably good. .h 
notable discrepancy, however, was the absence of a significant correlated 
increase in body weight in Strain 5 following egg weight selection in an 
- 130 - 
TBLL 39 
Comparison of current estimates of egg weight, 
body weight and deviations from }egression in 
final 2 generations of iegresaion lines with 
the estimates in the unselected population 
2 h 	 h 	r 	r 
28 wk. BW 28 wk • LW 
Strain 2 
Base Population 	0.46 
Current Population 	0.68 
Strain 5 
Base Population 	0.66 
Current Population 	0.60 
0.48 +0.17 +0.31 0.44. 
0.44 +0.26 +0.48 0.37 
0.4.9 +0.23 +0.42 0.4.2 
0.44 +0.34 +0.4-3 0.7 
* Heritability of the index (I) = E - b.W. 
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upward direction, although the realised genetic correlation between eg 
weight and body weight when selection was applied to body weight in a 
downward direction was considerably higher than the estimated genetic 
correlation between the two traits. This points to a larked asymmetry 
in the genetic correlation as has previously been noted in a number of 
two-way selection experiments; in chickens by Nordakog and Feating, 1962 
and biegel, 1962; in mice by Falconer, 1960b and in Drosophila melanogaater 
by Clayton at al., 1957. Eohren et al. (1967) have discussed the 
conditions likely to result in asymmetrical correlated responses to 
selection. They concluded that the most likely cause of asymmetry 18 
loci contributing negatively to the covariance between the two traits 
concerned and having gene frequencies other than 0.5. They suggested too 
that asymmetry of correlated response is likely to be found fairly 
frequently. 
Another area in which there has been some inconsistency has been in 
the changes in the egg production traits associated with selection for 
increased egg weight or decreased body weight. Further information 
regarding the correlation, particularly of body weight with egg production, 
is of considerable importance to the practical breeder, in view of the 
dominant effect that egg-laying ability has on the profitability of 
commercial stocks (Nordsko, 1959; Foster, 1967). 
The genetic correlation between body weight and total egg production 
has been reported as positive, Krueger etal,, 1952 (+0.07); V.yatt, 194 
(+0.56), but negative, for example, by Mogaett and Nordskog, 1958 (-0.22) 
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and JohRnAaofl and Randal, 1968 (-0110). The control populations which 
have been maintained throughout this experiment have provided an 
opportunity to obtain further estimates of the genetic correlations 
between body weight and egg production for both the early and later part 
of the laying year. These estimates are aumaariaed in Table 40 and are 
the average of the yearly estimates within the Strain 2 and Strain 5 
control populations as presented in Tables 15 and 16 (pages 53 and 54). 
The magnitude, and in some cases the sign, of the correlation between 
body weight and egg production depends partly on the age at which body 
weight is measured • In both strains, for example, 12 week body weight is 
negatively correlated with age at first egg, positively correlated with 
egg production over the first 6 months in lay, but negatively correlated 
with egg production over the following months • These estimates also 
highlight the difference in magnitude of the correlation of body weight 
with egg production between the two strains. In the case of Strain 2 
body weight is positively and strongly correlated with egg production 
throuhout, the only exception being the negative correlation between 12 
week body weight and egg production in the later period. However, in the 
case of Strain 5, the correlation of 12 week and 1i4 week body weight with 
to1 egg production is almost zero, while the correlation between 28 week 
body i'ight and egg production is significantly negative. 
FinR.l.. in this context, it is of interest to note what effect, if 
any, selection for the body weight and egg weight traits has had upon the 
magnitude of the genetic correlation between body weight and egg production. 
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TABI.E 1Q 
iversg. estimates of the genetic correlations 
between body weight and egg production traits 
over 3 years in the control populations 
Age at 	hfig Ng!&2ra (Pare *cord) 
let Egg 
pi 	P2 	Total 
Body Weight: 	* 
32 .0.56 +0.44 -0.37 0.13 
12 weeks 
35 -0.33 .40.11 -0.08 +0.03 
82 -0.37 +0.53 +0.12 +0.4.3 
28 weeks 
85 -0.10 -0.08 -'0.34 -0.11 
32 -0.23 +0.34 +0.23 +0.38 
44 weeks 
85 -0.18 +0.05 -0.05 +0.01 
* Estimates for Strain 2 (32) on the 
first line, strain 5 (35) underneath 
P1 = Period from 20-4.0 weeks; 1?2 = Period from 4.0-60 weeks 
Total = Total record 20-60 weeks 
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The average of the estimates for the genetic correlations between body 
weight at 28 and 44 weeks and total egg production in the last two 
generations for each of the selected lines are given in Table 41. These 
estimates are, of course, subject to quite large sampling errors and, in 
some oases, the individual estimates for the correlations (see Appendix C) 
show quite marked fluctuations between years, with the result that one 
would not place too great a reliance on individual estimates. However, 
Table 4.1 does appear to indicate that there has been a tendency for a 
negative correlation between body weight and egg production to develop in 
those lines selected for large eggs, while in the lines selected for 
smaller body weight the correlation has remained or turned increasingly 
positive. 
The changes in the magnitude, and in some instances the sign, of the 
transient genetic correlations that have occurred in the course of 14.-5 
generations of selection in this particular study are worth noting in view 
of the use of estimates of genetic correlations in formulating multiple-
trait selection indices. Bohren et al. (1967) have suggested that the 
static description of a population in terms of additive genetic variances 
and covarianoes will be valid in prediction over a much shorter period for 
correlated responses than it will be for direct responses, and that 
predictions really require to be based upon the genetic parameters estimated 
in each generation. 
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TABLE 41 
Average •.tit.i of the genetic correlations 
between body weight and total egg production 
within the selected populations 
r 	 r 
g 28 wk, a/Egg Production 	g wk. B/}gg Production 
Base Population 	 0.43 	 +0.38 
Line: 
gg Weight 	 +0.11 	 -0.07 
Regression 	 -0.28 	 -0.26 
Body Weight 	 +0.39 	 0.27 
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(2) Economic implications of changes effected by selection. The Ratio and 
Regression selection procedures have undoubtedly been effective in the short 
term as a means of selecting body weight and egg weight in contrary 
directions. Egg weight in the Regression lines has been raised to a 
commercially satisfactory level (indeed, in the Strain 2 Regression line 
mean egg weight is now well above the norma] level attained by commercial 
strains) the improvement having been achieved without any increase in mean 
body weight. The Ratio selection technique, on the other hand, has reduced 
body weight substantially, with a less than proportionate associated decrease 
in egg weight. In terms of their usefulness in practice, a great deal 
depends upon the relative economic value placed upon a unit change in either 
egg weight or body weight, and also upon the correlated changes in egg pro-
duction. The suggestion was made earlier that if these procedures proved 
to be effective in achieving a significant improvement in the relative egg 
weight to body weight relationship within a given strain, without incurring 
any permanent loss of egg production genes, they might be used to effect a 
substantial reduction in body weight or an increase in egg weight within a 
given strain to be used subsequently in a complementary fashion in a strain-
crossing program=. 
In order to obtain an assessment of the outcome of these selection 
procedures upon the overall commercial performance of the strains used in 
this study, an entry consisting of two separate samples of crosses between 
the two Ratio lines and between the two Regression lines was submitted for 
independent testing, together with an entry comprising a cross between the 
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two control populations in a Random Sample Test of commercial brooders' 
stock. In all instances, the •xpsrim.ntal entries , submitted as day-old 
chicks, were produced by crossing a representative sample of Strain 5 
l.s crossed onto Strain 2 teumles • A. summary of the comparative 
performance of these 3 entries on test is given in Table 42. The 
comparison provides useful information, not only on the overall 
pertozweroe of these lines, but also features the effect that the relative 
changes in the biological components of performance have had upon the 
overall economic return. 
The Ratio cross entry had a significantly lower average body weight, 
not only compared with the Control entry, but also in relation to the 
average body weight of commercial hybrids on test. As a result of the 
reduced body weight it also had a significantly lower food consumption 
(saving of 5-6 lb. per bird in total food consumption during lay). The 
Ratio entry also had a substantially higher rate of lay and hen-housed 
average than either the Control or Regression entry, the han-housed average 
exceeding the average for the test. Although percent 'large' eggs was 
lower compared with the Control, the Ratio entry had a higher percentage 
of 'standard' eggs. }Jor egg weight has not changed perceptibly therefore. 
The overall margin per bird for the Ratio entry was about equal to the 
average for the test and was of the order of three shillings per bird more 
than for the Control. The Regression entry showed a notable improvement 
in egg gradings, the percentage large and standard amounting to 74 per cent 
compared with 57 per cent for the Control, while body weight is no heavier 
TABLE 42 
Relative performance of strain cross entries 
from the Ratio, Regression and Control lines 
in the National Poultry Tests Limited, 
Random Sample Egg Production Test, 1968-69 
(Entry No. 21) 	(Entry No. 4) 
Test L,S.D.* -  Average  
Control 	Ratio 	egression 
Performance Trait: 
Margin (shillings)** 12.56 15.58 13.00 16.68 2.44 
Hen-housed average 245 260 228 252 12.2 
Hen-day 	' Prod.' 64.0 66.6 60.7 66.0 2.4 
L 	.ortality 
(127-532 days) 13.5 9.9 15.1 13.3 5.7 
Food Consumption: 
lb. 127-532 days 103.3 97.7 106.4 106.2 3.2 
oz. per bird per day 4.10 3.85 4.20 4.21 0.13 
Body Weight: 	(lb.) 
126 days 3.20 2.94 3.14 3.30 - 
Survivors 4.57 3.92 4.63 449 0.19 
Age to 50' Prod. 	(days) 158 154 156 159 - 
Egg Gradings: 
Large 14.0 ) 11.8 37.3 29.5 5.1 
) 	57,5 59,4 74.5 71.5 
% Standard 43.5 	) 47.6 37.2 42.0 - 
% Medium 24.8 23.4 12.7 15.5 - 
% Small 4.2 3.6 1.5 2.0 - 
Ex. Small 2.6 2.1 0.8 1.1 - 
Seconds 9.0 8.6 8.5 8.5 2.7 
Rejects 1.9 3.0 2.0 1.4 - 
* L.S.D. = Least significant difference estimate between entries in test (95% level). 
** = Income from eggs and carcass minus food cost from 0 to 532 days of age 
on a per bird housed basis. 
The co-operation of National Poultry Tests Limited, Milford Test Ground, 
Enton, Godalming, Surrey in providing this additional information is 
gratefully acknowledged. 
CD 
Ref. 	Third National Random Sample Egg Production Test, 1968-69 Final Report. 
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than for the Control. Egg production (both rate of lay and hen-housed 
average) is significantly and substantially lower (-17 eggs in the hen-
housed average) compared to the Control, while food consumption, in spite 
of the lower number of eggs produced, has increased on account of the 
increase in average egg weight. The overall margin per bird was only 
slightly better than for the Control. 
The information provided by this test indicates that the decline in 
egg production noted in the Regression selected lines has not been recouped 
on crossing the two lines together, confirming that there has been a real 
loss of egg production genes in the Regression lines as a result of 
selecting solely for increased egg weight independent of body weight. 
This would appear to oonfiriu that selection for an extreme phenotype in a 
metric trait inevitably results eventually in a correlated response in 
some other component, in this instance egg numbers, in order to maintain 
a physiological balance of total egg yield (numbers x weight) to body weight 
(Williams, 1959). Thus, although a notable improvement has been achieved 
in the commercial egg gradings within the Regression lines, the increase 
in total egg mass has not been very marked (Table )+3) and is less than even 
the modest increase in total yield obtained in the Ratio lines where 
selection has been applied to egg weight and body weight in opposing 
directions. 
Somewhat unexpectedly the reduction in body weight resulting from 
selecting on the ratio has been accompanied by a correlated increase in the 
egg number trait • Thus, selection on the ratio trait, in this instance, 
TABLE 43 
Comparative Biological Efficiency of Selected. Populations 
Average 	Total 	Egg Mass 	Food 	Food Body Weight Egg Numbers 
Egg Weight Egg Mace Body Weight Consumed Egg Product 
g. 	 g. 	Kg. 	 Kg. 
Control 2 1 088 245 58 14.21 6.8 44.89 3.3 
Ratio 19770 260 58 15.08 8.5 44.35 2.9 
Regression 2 9 088 228 65 14.82 7.0 48.30 302 
Regr. x Ratio? 1,929 245 61 14.95 7.7 46.30 3.0 
appears to have served as an excellent way of indirectly increasing rate 
of lay and hen-housed egg production. This is surprising in view of 
the positive correlation noted earlier between body weight and total egg 
production. However, Jaap It .1a. (1962) reported a negative realised 
genetic correlation between body weight and egg numbers in a selection 
experiment in a seat-type strain, although they had earlier predicted a 
positive correlation. Several experiments which have em{ned selection 
for increased egg production have observed a decline in body weight as a 
correlated response to selection for increased egg production (e.g. Gowe 
and Strain, 1963; Morris, 1963; Nordakog et ml., 1967 and Saadeh 
1968). 
In common with most selection studies with animals, the experiments 
reported in this thesis raise more questions than they have answered. For 
the present, however, this study has shown empirically that the Ratio 
selection procedure has not only successfully increased the egg weight to 
body weight ratio within the selected lines, but has also resulted in a 
marked improvement in both the biolo.ical and economic efficiency of the 
lines in which this relatively simple selection criterion was adopted. 
One question, at least, remains: How much farther can the Ratio selection 
take us? Nordakog (unpublished) has reported reaching a definite ceiling 
when selection is for large egg size and small body size. How close have 
we come to the physiological l(in(t within the Ratio lines? Continued 
selection for the ratio has been shown from the calculated genetic 
parameters to be likely to result from now on in a negative response in egg 
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weight. How much farther, for .iunp1e, can the downward response in body 
weight continue before egg numbers are likely to regress also? 
The Regression selection has been shown to be remarkably effective 
in increasing egg weight independent of body weight, but a possible 
physiological limit would appear to have been reached already within these 
lines; further selection is likely to produce a lowered rate of response 
in egg weight and a continued decline in egg numbers. 
It would, however, be interesting to experiment farther with these 
techniques in the same populations. The deviation from Regression 
selection might, for example, be worth testing within a sub-line derived 
from the Ratio line to ascertain the extent to which egg weight might be 
increased in this population while maintaining body weight at the existing 
level. On the other hand, it would possibly be worthwhile comparing the 
efficiency of a simple index of the same form, the object of which was to 
select for reduced body weight independent of egg weight. The Ratio 
selection produced a positive increase in egg weight concurrent with a 
decrease in body weight during the earlier stages of this experiment, but 
the resultant increase in egg weight is likely to be more than eroded if 
selection on the ratio continues. 
- 	 - 
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A P FE N D I X 
Mean performance of Control Populations and Selected Lines 
1963-1968 
TABLE 1 
Mean Performance of 	train 2 Control Population and Selected Lines 
(1) 	Control Line 
(1) (2) (3) (i.) (5) (6) 
Trait Year 1963 1964 1965 1966 1967 1968 
Body Vueight 
12 weeks 6. 910.1 984.3 1025.6 975.2 1082.8 994.5 
28 weeks 9. 1E44.4. 1872.8 1900.9 1886.0 2020.4. 1966.6 
44 weeks . 2141,4. 1997.4. 2018.7  2047.6 2210.9 2101.3 
Egg Weight 
28 weeks . 4.8.2 47.7 48.1 49.0 50.7 50.5 
44 weeks g. 57.6 56.2 57.3 57.9 60.0 58.4. 
Age let Egg wk. 23.4. 23.2 24.9 24.7 24.2 23.9 
Egg Numbers 
20-44 weeks 47.8 50.4 44.1 44.6 45,1 4.7,3 
44-60 weeks - - 27.9 25.9 32.0 27.8 
(2) Egg Weight Line 
(1) (2) () (4) (5) 
Trait Year 1963 1964 1965 1966 1967 
Body Weight 
32 weeks B. 934.9 1011.7 1079.2 1035.0 1247.5 
28 weeks 9. 1900.7 1951.2 2071.8 2064.8 2149.2 
44 weeks . 2190.2 2100.1 2203.3 2251.4 2332.3 
Eg Weight 
28 weeks B. 49.7 50.4 53.0 53.9 56.2 
44 weeks g. 60.2 59.5 62.2 63.2 66.5 
Age 1st Egg wk. 23.6 23.4 26.3 24.7 24.4 
Egg Numbers 
20-44 weeks 48.1 4.8.9 40.8 44.9 42.3 

























TABLE 1 	(continued) 
Strain 2 
(3) 	Body Weight Line 
(1) (2) (3) (1i.) (5) 
Year 1963 1964 1965 1966 1967 
g. 857.3 955.7 937.7 833.0 910.9 
go 1767.8 1846.5 1822.9 1692.3 1734.1 
go 2060.7 1970.2 194.3.7 1859.8 1907.9 
B. 4.7.7 47.6 4.8.4 4.7.9 48.3 
9. 57.5 56.0 56.5 55.9 57.0 
wk. 23.7 23.5 26.1 25.0 24.5 
46.7 48.1 4.2.8 46.5 4.5.8 
- - 30.7 27.6 32.9 
()+) Ratio Line 
(i) (2) () (4) (5) 
Year 1963 1964. 1965 1966 1967 
B. - 930.5 969.1 904.1 970.4 
g. - 1838.1 1731.6 1684.5 1701.3 
B. - 1971.1 1829.8 1801.7 1861.9 
B. - 48.9 50.5 51.4 52.5 
g. - 56.9 59.0 59.2 61.2 
Wk. - 22.9 23.9 24.0 24.4 
- 52.6 43.4 4.5.6 44.7 
- - 27.8 25.3 32.0 
TBL1 	1 	(continued) 
train 2 
(5) Regression Line 
(1) (2) () (4) (5) 
Trait Year 1963 1964 1965 1966 1967 
Body Weight 
12 weeks g. - 974.2 1038.1 983.7 1074.6 
28 weeks g. - 1986.6 1861.9 1803.7 2027.0 
44 weeks g. - 2138.9 1988.2 1952.1 2154.7 
Egg Weight 
28 weeks g. - 52.0 53.1 55.3 57.4 
44 weeks g. - 60.1 62.2 63.7 68.0 
Me 1st Egg wk. - 23.8 23.7 24.3 25.3 
Egg Numbers 
20-44 weeks - 49.2 43.0 42.0 39.1 
44-60 weeks - 
- 25.4 24.2 29.9 
TABLE 2 
Mean Performance of strain 5 Control Population and Selected Lines 
(1) Control Line 
	
(i) 	(2) 	(3) 	(4) 	(5) 	(6) 
Trait 	Year 	1963 1964 1965 1966 1967 1968 
Body Weight 
12 weeks go 980.3 986.4 1030.6 1007.5 1056.9  1019.5 
28 weeks g. 1896.7 1786.3 1901.1 1876.4 1969.9 1983.9 
44 weeks g. 2016.5 1820.6 1901.2 1954.2 2062.5 2060.3 
Egg Weight 
28 weeks g. 4.6.0 47.1 46.9 4.7.9 48.8 49,6 
44 weeks g. 52.5 55.3 53.8 55.3 56.7 57.4 
Age let Egg wk. 25.5 25.6 23.9 25.7 24.3 23.9 
Egg Numbers 
20-44. weeks 41.6 4.1.0 46.6 45.0 48.5 46.0 
44-60 weeks - 25.1 23.3 28.8 26.2 28.2 
(2) Egg Weight Line 
(1) (2) (3) (4.) (5) 	(6) 
Trait Year 1963 1964 1965 1966 1967 1968 
Body Weight 
12 weeks g. 1018.6 952.9 104.9.1 1038.9 1054.0 	- 
28 weeks 9. 1953.6 1816.2 1933.6 1923.7 1967.0 - 
44 weeks 9. 2086.2 1805.4 1928.5 1973.7 2046.5 
Egg Weight 
28 weeks g. 47.5 49.7 49.6 51.3 53.4 	- 
44 weeks g. 55.2 58.2 57.1 58.7 61.8 - 
Age 13t Egg wk. 25.4 27.1 23.8 25.6 24.2 	- 
Egg Numbers 
20-44 weeks 42.5 30.8 46.2 4.3.5 46.1 	- 
44-60 weeks - 20.8 22.7 28.1 24..1 - 
TABLE 2 	(continued) 
Strain .5 
(3) Body Weight Line 
(1) (2) (3) (ii.) (5) 
Trait Year 1963 1964 1965 1966 1967 
Body Weight 
12 weeks g. 937.9 865.7 932.7 863.3 867.2 
28 weeks 9. 184.7.3 1659.1 1735.2 1645.1 1639.0 
44 weeks g. 1972.1 1671.9 1751.0 1693.1 1688.3 
Egg Weight 
28 weeks g. 45.8 4.6.6 4.5.]. 4.5.2 45.2 
44 weeks g. 52.9 54.6 52.1 52.0 52.9 
Age 1st Egg wk. 25.8 27.6 24.4 26.2 24.8 
Egg Numbers 
20-44 weeks 4.2.9 36.1 46.6 4.3.9 4.6.4. 
44-60 - 25.8 21.5 27.0 22.9 
(4.) Ratio Line 
(1) 	(2) (3) 	(ii.) () (6) 
Trait Year 1963 1964. 1965 1966 1967 1968 
Body Weight 
] 	weeks g. - 	 988.9 - 	 971.0 954.9 870.6 
28 weeks g. - 	 1638.8 - 	 1735.0 1683.4 1578.4. 
44 weeks g. - 	 1716,9 - 	 1811.8 1730.7 1616.8 
Egjç Weight 
28 weeks g. - 	 4.6.2 - 	 48.1 47.8 4.8.4 
44 weeks g. - 	 :4.3 - 	 55.2 54.5 54.8 
e let Egg
, 
 wk. - 	 23.7 - 	 25.8 23.8 23.7 
Egg Numbers 
20-44 weeks - 	46.0 - 	 44.1 4.9.6 44.1 
44-60 weeks - 	 25.8 - 	 30.3 25.6 23.9 
TABLE 2 (continued 
Strain 5 
(5) Regression Line 
(1) 	(2) (3) 	(i..) () (6) 
Trait Year 1963 	1964. 1965 	1966 1967 1968 
Body Weight 
12 weeks g. - 	 1060,1 - 	 10748 1054,7 1099.2 
28 weeks g. - 	 1774.9 - 	 1983.4 1940.7 1998.0 
44 weeks 9. - 	 1882.9 - 	 2034.5 2008.3 2058.8 
Egg Weight 
28 weeks g. 
- 	 4.7.9 - 	 51.3 51.5 53.7 
44 weeks g. - 	 56.9 
- 	 59.5 59.7 62.3 
Age 1st Egg wk. 
- 	 23.7 
- 	 25.5 24.0 23.5 
gg Numbers 
20-44 weeks 
- 	 4.5.0 
- 	 4.3.9 47,8 46.6 
44-60 weeks 
- 	 25.1 - 	 27,4 22.8 27.8 
APPENDIX 
Mean weighted deviations of Selected Lines from the Control 
TABLE 1 
'eighted :'ean Deviations of Selection Lines from Control Line 
Strain 2 
Year: (i) 	1962-63 (2) 1963-64 (3) 	1964-65 




12 weeks +25** _52*** + 17 + 	2 ...43*** ....39*** + 69*** + 2 - 63** - 77*** 
28 weeks +59*** _73*** +104*** + 83*** _60*** - 1 +158*** -15 _147** - 95*** 
44 weeks +48* ....*w* +160*** ~1O1 3** +29 +1574** +10 _150* _104*** 
Egg Weight 
(grams) 
28 weeks +1.44*** -054 +3.08** +3.78*** +(),74* +0.27 +5.16*** +4,97*** +2.36*** +0.60* 
44 weeks -4-2.54*** -0.18 +3.97*** +3.18** +0.01 -F0.43 +504*** +5.02*4* +179** 
1st 	gg 
(weeks) +0.2 +0.3 +01 +Q•5** -0.1 +0.17 +0.17 -0.2 0 +0.1 
T,- rR Nuinbers 
(Part Record) 
20-44 weeks +0.3 -1.0 -0.8 -0.1 ±1.3 -1.6 0 -3.9' -1.2 +1.6 
44-60 weeks - - +4.6 1 ** +1.8 ~9.0* +3,04 * -0.4 _1.6* +09 +1.6 
* Significant difference at 95.0, level of probability 
** Significant difference at 99.CY level of probability 
Significant difference at 99.9% level of probability 
TABLE 1 (continued) 
Weighted iean Deviations of Selection Lines from Control Line 
Strain 2 
Year: (4) 1965-66 (5) 1966-67 




12 weeks + 66*** + 3 - 74*** _146*** + 57** -14 _118*** _185*** 
28 weeks +158*** ....54*** _.165*** _217e** +127*** ..318*** 
44 weeks +178*** —70 * K- _213*** _221*** +1141 ** ...67*** _354*** _329*** 
gg Weight 
(Rrama) 
28 weeks +4.82*** +6.29*** j 	+2.91* _1.19*** +5,53*** +6,75** +1.77*iw 
44 weeks +4.81*** +614*** +1.75*** _2.47*** +6.36** +7.90*** +1.13*** _3.13* 
Ae let Ear 
(weeks) .103 -0.1 ...0,4** +0.]. +0.1 +1.0* +0,2 0 
1ggNwribers I 
(part Record.) 
20-44 weeks +0.1 _2.6* +0.9 +1.2 _2.3* _5•5*** 0 +1.7 
44-60 weeks +0.3 _2.1** 0.8 +1.9* -0.7 2.1** +0.1 +1.1 
* Significant difference at 95 .O level of probability 
** Significant difference at 99.0 level of probability 
*11* Significant difference at 99.9 level of probability 
TABLE 2 
Weighted ?ean Deviations of Selection Lines from Control Line 
Strain 5 
Year: (1) 1962-63 (2) 1963-64 (3) 	1964-65 




12 weeks +38** _42*** +39** + 8 - 69* _43** +14 - - -101'"' 
28 weeks +56*** ..49* +61' -33' -165' _86** 1* +34 - - 
44 weeks +69*** -44 +57'" -4 _179* _74, ** +26 - - -148' 
Eggebt 
(rama) 
28 weeks +1.51* -0.15 +2053**w +0.88' _0.691 -0.54' +2.56** - - _1.84* 
44 weeks +2.65 4 * +0.39 +3.03*4k +1.40* 1.11' -0.56' +3.36' - - -1.75'"' 
Age lot 
(weeks ) -0.1 i 	~0.3' 0 -0.3' -0.2 +0.5'"' -0.1 - - 
Numbers ( art 
	ecord) I 
20-44 weeks +0.8 +1.2 -5.6' -0.5 +0.2 04 0.3 - - 
44-60 weeks - - -3,9' -0.3 +1.1 +1.2 -1.0 - - -2.4" 
* Significant difference at 95.0, level of probability 
I. " Significant difference at 99 .0r -z'  level of probability 
*** Significant difference at 99. 9 level of probability 
TABLE 2 (contind) 
Year: 	1 (4) 	1965-66 (5) 	1966-67 (6) 	1967-68 




12 weeks +28** 	+69*** - 34*** 	_144*** - 5 	 0 _105*** 190W +79* 
28 weeks +34* 	 +98*** _144* 	 _242** * -10 	 -34 -293k _340* +14 _405* 
44 weeks i-jO 	 +804 *4 _142*** 	_269*** -17 	 _56* -336** _379*** 0 ...453**e 
EZPl Wejht 
(graw) 
28 weeks +3.38** 	+3.40*** +0.18 	_2.71*** +4,69*1 	+2.76** -0.96 - -MT",  +4.10 t 
44 weeks +3.45*** 	+4,24*** -0,10 	_3,31** +5.l6*** 	+3.06" _2.14* _3,74*** +4.89 
Aim let Egg 
(weeks) -0.2 	-0.5 0 	 +0.4 -0.2 	-0.4 _0.6s** +04* -05- -0.1 
Numbers Igg 
(Pert 	epord) 
20-44 weeks -1.2 	 -0.6 -0.7 	-0.9 -2.2 	 -0.4 4-1.4 -1.8' +0,6 -2.6' 
44-60 weeks -0.5 	 -1.3 +1.5 	-1.8 _2.6** 	_3.8** -0.7 _3.8** ..().5 
Significant difference at 95.0,' level of probability 
Significant difference at 99.0,.' level of probability 
' Significant difference at 99.9,--' level of probability 
APPENDIX 
Estimates of heritabilities. genetic oorrelatio 
and ohenotvtic standard deviations within the 
ected PoDulationa over the 
Egg Numbers: 
(Part Record) 
20-44 weeks (4.) 
(5) 
44-60 weeks (4) 
(5) 
20-60 weeks (Li.) 
(5) 
6. g. g. g. 60 wk. 
6 	(h.) 117.6 211.4.  270.7 3.12 3.54. 1.63 
(5) 95.9 212.7 24.6.2 3.19 3.88 2.18 
0.28 0.64.9 0.951 





eggs eggs eggs 
7.89 9.80 15.32 
8.16 8.04. 3.4.59 
TABLE 1 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Egg Weight selection 
Strain 2 
Body eight 	Egg Weight 	 Egg Numbers 
jIge 
2 	
12 	28 	44 	28 	44 13t Egg 	0-44 4460 20-60 




28 weeks 	(4) 
(5) 
44 weeks 	(4) 
(5) 
Egg Weight: 
28 weeks 	(4- 
(5 
44 weeks 	(4.) 
(5) 
ege 1st Egg: () 
(5) 
0.73 	0.995 0.950 0.645 0.586 
0.4.9 0.717 0.64.2 0.277  0.362 
0.51 0.916 0.688 0.323 
0.61 0.867 0.976 0.678 
0.4.3 0.781 0.383 



















0.33 	0.811 -0.193 0.4.09 -1.67]. -0.398 
0.12 1.121 0.116 -0.066 -0.74.2 -0.329 
0.39 -0.113 0.523  -1.027 -0.058 
0.4.8 0.562 -0.511 -0.84.8 -0.682 
0.4.1 -1.016 -0.604. -0.944 
0.23 -0.868 -0.4.02 -0.770 
(4N  Estimatesfor 165/66 generation: d.f. Sires - 15; Dams - 51; Individuals - 153 Estimates for 1966/67 generation: d.f. Sires - 11; Dame - 4.0; Individuals - 194 
TABLE 2 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Body Weight selection 
Strain 2 
Body Weight 	Egg Weight 	 Egg Numbers 
12 	28 	44 28 	44- lst Egg 	20-44 	44-60 	20-60 
weeks weeks weeks weeks weeks 	 weeks weeks weeks 
Body Weight: 
12 weeks 	(4-i 0.4.0 	0.4-34. 0.262 0.211 0.190 -0.818 1.033 0.625 0.622 
(5) 0.67 	0.893  0.682 0,495 0.98 -0.4.08 0.425 0.76 0.4.37 
28 weeks 	4. 0.59 0.879  0.291 0.365 -0.558 0.74.6 0.359 0.387 
(5) 0.4.5 0.923 0.4.37 0.367 -0.103 0.325 0.325 0.4.05 
44 weeks 	00 0.73 0.195 0.355 -0.4.11 0.563 0.335 0.335 
() 0.53 0.502 0.4.92 0.021 0.176 0.170 0.211 
Egg Weight: 
28 weeks 0,55 0.910 -0.560 0.772 0.195 0.282 
5) 0.4.9 0.934 0.4.87 -0.128 0.105 -0.008 
44 weeks (4.) 0.4-3 -0.592 0.700 0.049 0.170 
(5) 0.69 0.4.74. -0.289 -0.282 -0.358 
Age let Egg: (0 0.29 -0.319 -0.562 -0.440 
(5) 0.19 -0.907 0.193 -0.445 
Egg i'uiabers: 
(Part Record) 
20-44 weeks  (4-) 0.07 1.937 1.4.98 
(5) 0.29 0.304 0.798 
44-60 weeks (4.) 0.51 1.051 
(5) 0.35 0.816 
20-60 weeks (4-) 050 
(5) 0.32 
go go 	go go go wk. eggs eggs eggs 
6P 00 ].0)+.6 1b2,5 	25.3 3.19 3.68 1.91 8.08 9.89 34. 87 
(5) 87.0 160.4 186.9 2.77 3.61 2.18 7.58 7.33 12.08 
(IF) 	Estimates for 1965/66 generation: d.f. Sires - 15; Dams - 4-8; 	Individuals - 151 
(5) 	Estimates for 1966/67 generation: d.f. Sires - 12; Dame - 36; Individuals - 206 
TABLE 3 
Summary of estimates of neritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Regression selection 
Strain 2 
Body Weight 	Lgg Weight 	 Egg Numbers 
2 	
12 	28 	44 	28 	44. 	20-44. 	44-60 20-60 
h weeks weeks weeks weeks weeks 	 weeks weeks weeks 
Body Weight: 
12 weeks 	(3) 0.50 	0.589 0.449 0.297 0.284. -0.166 -0.256 0.24.9 0.1.13 
0) 0.59 	0.852 0.84.5  0.526 0.492 0.320 -0.691 -0.321 -0.522 
28 weeks 	~3 ~  0.50 1.010 0.373 0.274 0.440 -0.04.1 -0.162 -0.124. 
0.87 0.986 0.592 0.537 0.129 -0.528 -0.316 -0.4.28 
44 weeks ~3 ~ 0.4.3 0.252 0.364. 0.287 0.1].7 -0.075 -0.024. 
1k 0.83 0.492 0.501 0.078 -0.596 -0.381 -0.490 
Egg Weight: 
28 weeks 0.44 	0.779 -0.150 -0.4-89 0.144 -0.017 
0.44 0.94.8 -0.059 -0.187 -0.173 -0.236 
44 weeks 	(3) 0.39 -0.428 0.471 0.503 0.4.67 
(4.) 0.77 -0.270 -0.190 -0.386 -0.323 
Age 1st Egg: 	3) 0.22 -0.088 -0.291 -.0.226 
(4) 0,17 -0.570 -0.090 -0.323 
gg Numbers: 
(Part Record) 
20-44. weeks 0.08 1.319 1.168 
(4.) 0.25 0 .932 0.989 
44-60 weeks  0.38 1.022 
 0.22 0.966 
20-60 weeks  0,35 
 0.31 
go go 	go g. 	go wk. eggs eggs eggs 
(5P ç3) 101.3 201.0 	244.3 3.09 	3.82 1.18 8.22 11.01 16.4.7 
ç4.) 104.6 227.6 263.2 3.31 4.36 1.54. 6.38 8.06 12.10 
(3) 	Estimates for 1965/66 generation: d.f. Sires - 14.; Dams - 37; 	Individuals - 139 
(4.) Estimates for 1966/67 generation: a.f. Sires - 13; Dams - 36; Individuals - 220 
TABLE 4. 
Sumi.ry of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of iiatio selection 
Strain 2 
Body Weight 	Egg Weight 	 Egg Numbers 
Age 
12 	28 	44 28 	44 lat Egg 20-44 	44-60 20-60 
weeks weeks weeks weeks weeks 	 weeks weeks weeks 
Body Weight: 
12 weeks (3) 0.23 	0.883 0.852 0.607 0.234. 0.299 0.837 1.024. 0.896 
(4) 0.50 0.882 0.902 0.868 0.539 -0.14.5 0.685 0.759 0.712 
28 weeks 	ç3) 0.69 1.023 0.851  0.786 0.624. 0.256 0.085 0.174. 
(14.) 0.38 0.964. 1. 11+8 0.848 0.120 0.481 0.739 0.595 
44 weeks 	(3) 0.51 0.951 0.725 0.514. 0.211 0.035 0.127 
00 0.59 0.940 0.728 0.143 0.364 0.482 0.4.15 
Egg Weight: 
28 weeks (3) 0.71 0.977 0.568 -0.236 0.234 -0.022 
(L.) 0.19 0.629 0.038 1.075 1.631  1.321 
44 weeks ~ 3 ~ 0.4.]. 1.14.6 -0.745 -1.132 -0.895 
4. 0.33 0.578 0.127 1.118 0.583 
Age 1st Egg: (3) 0.38 -0.733 -0.564 -0.638 
(k.) 0.4 -0.696 -0.158 -0.440 
Egg Numbers: 
(Part Record) 
20-44 weeks ç3) 0.21 1.119 1.024 
4) 0.19 1.042 1.009 
44-60 weeks 0.08 1.035 
0  0.10 1.012 
20-60 weeks (3) 0.18 
(4.) 0.20 
go 	go 	g. g. 6 0 wk. eggs eggs eggs 
p (3) 93.0 	156.4. 	187.9 3.12 3.32 1.34. 8.83 11 .56 17.81 
(4.) 84.2 171.7 212,2 3.33 3.51 2.16 7.59 9.14 14.19 
Estimates for 1965/66 generation: h f. Sires - Dam 14; 	  4.0; Individuals - 166 
Estimates for 1966/67 generation: d..f. Sires - 11; Dams - 31; Individuals - 196 
TABLE 5 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Egg Weight selection 
Strain 5 
Body Weight 	Egg Weight 	 Egg Numbers 
2 	12 	28 	44 	28 	44 1st jg 	20-44 	44-60 20-60 
weeks weeks weeks weeks weeks 	 weeks weeks weeks 
Body Weight 
12 weeks 	ç4. 0.83 	0.806 0.822 0.189 0.352 -0.035 0.123  o. 14-?- 0. 148 
(5) 0.44 0.624 0.394 0.603 0.219 0.014. -0.054 0 .302 0.134 
28 weeks 	(4) 0.86 0.990 0.134 0.221 0.322 -0.044 -0.151 -0.115 
(5) 0.4.7 0.982 1.015 0.630 0.163 0.036 -0.116 -0.044 
44 weeks 	(4) 0.52 0.076 0.134 0.372 0.042 -0.059 -0.016 
(5) 0.30 0.955 0.504 0.24.0 -0.171 -0.596 -0.4.00 
Egg Weight 
28 weeks  0.45 	1.051 0.115 0.050 0.250 0.178 
 0.11 1.500 -.0.030 0.14.5 -0.125 0.004 
44 weeks ~4) 0.24. 0.006 -0.322 -0.265 -0.321 
5) 0.26 0.240 -0.361 -0.544 -0.4.64 
Age 1st Egg:  0.36 -0.4.20 -0.018 -0.218 
 0.32 -0.4.91 -0.621 -0.568 
Egg Numbers: 
(Part Record) 
20-44 weeks  030 0.629 0.878 
 0.29 0.934 0.982 
44-60 weeks  0.27 0.924 
 0.20 0.985 
20-60 weeks (4.) 0.29 
(5) 0.29 
go go 	go go 	go wk. eggs eggs eggs 
p 4. 130.2 220.8 	239.9 2.98 	3.82 1.22 8.18 10.66 16.91 
(5) 114.8 204.2 240.9 3.35 3.84 1.34. 7.61 10.13 15.67 
Estimates for 1965/66 generation: d.f. Sires - 12; Dams - 4.5; 	Individuals - 196 
Estimates for 1966/67 generation: d.f. Sires - 10; Dams - 32; Individuals - 152 
TABLE 6 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Body Wei ght ' selection 
Strain 5 
Body Weight 	Egg Weight 	 Egg Numbers 
2 	12 	28 	44. 	28 	44. 	 20-44 	44-60 20-60
Age 
weeks weeks weeks weeks weeks weeks weeks weeks 
Body Weight: 
12 weeks 	(4 0,21 	0.265 0.24.5 0.282 0.079 -0.108 0.275 0.622 0.4.95 
(5) 0.47 	0.544 0.602 0.4.51+ 0.312 -0.1+09 0.300 0.334. 0.348 
28 weeks 	(4) 0.48 0.797 0.536 0, )+5)+ 0.24.8 0.029 0.553 0.337 
(5) 0.71 0 .972 0.736 0.605 0.083 -0.159 0.151 0.018 
44 weeks 
N 
0.32 0.658 0.476 -0.220 0.231 0.606 0.4.65 




0.56 0.765 -0.387 0.225 0.34.5 0.310 
0.66 0.917 -0.002 -0.188 -0.100 -0.150 
44 weeks  0.55 0.052 -0.108 0.170 0.04.7 
 0.50 0.388 -0.574 -0.230 -0.4.13 
Age 1st Egg: (4.) 0,51 -0.715 -0.378 -0,564. 
(5) 0.69 -0.894 -0.34.0 -0.633 
Egg Numbers: 
(Part Record) 
20-44 weeks ç1+) 0.5]. 0.763 0.926 
(5) 0.37 0.680 0.892 
44-60 weeks (4.) 0.44 0 .950 
(5) 0.39 0.938 
20-60 weeks (4.) 0.54 
(5) 0.42  
g. go 	g. 	g. 6 0 wk. eggs eggs eggs 
p (4.) 95.4. 144.1 	178.6 	2.98 2.99 1.37 8.17 10.75 16.62 
(5) 100.9 161.9 	230.2 	2.93 3.58 1.70 9.02 11.38 17.91 
(4.) 	Estimates for 1965/66 generation: 	d.f. Sires - U; Dams - 4.3; 	Individuals - 181 
(5) Estimates for 1966/67 generation: d.f. Sires - U; Dams - 32; Individuals - 190 
TABLE 7 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Regression selection 
Strain 5 
Body Weight 	Egg Weight 	 Egg Numbers 
12 	28 	44 28 	44. 20-44 	44-60 20-60 
h2 weeks weeks weeks weeks weeks let Egg 	weeks weeks weeks 
Body Weight: 
12 weeks 	c? 0.47 	0.891 0.774. 0.41.2 0.692 -0.24]. 0 1490 0.101 0.273 
4.) 0.76 0.964. 0.727 0.4.4.9 0.856 -0.197 0.034 -0.175 -0.068 
28 weeks 	(3) 0.64 0.997 0.611 0.707 0.012 0.315 -0.037 0.117 
(4) 0.57 0.919 0.256 0.761 -0,051 0.008 -0.136 -0.055 
44 weeks 	3) 0.50 0.646 0.740 -0.074 0.157 -0.160 -0.022 
0.47 0.167 0.54.0 0.108 -0.140 -0.003 -0.067 
Egg Weight: 
28 weeks ç3) 0.65 	0.885 0.24.9 -0.036 -0.213 -0.133 
4.) 0.23 0.523 0.128 -0.24.9 -0.559 -0.460 
44 weeks 	(3) 0.44 -0.123 0.251 -0.169 0.020 
0.34 -0.276 -0.268 -0.298 -0.383 
Age let Egg: 	(3) 0.33 -0.792 -0.354 -0.548 
(ii.) 0.51 -0.618 -0.249 -0.441 
Egg Numbers: 
(Part Record) 
20-44. weeks  0.39 0.997 1.001 
 0.54 0.997 0.997 
44-60 weeks (3) 0.33 1.000 
(i') 0.28 1.008 
20-60 weeks (3) 0.47 
0.51 
go 	go 	go go 	go wk. eggs eggs eggs 
(5p ~3 ) 93.8 	198.2 	251.5 3.25 	4.41 1.37 7.91 10.90 16.33 492.8 197.6 231.8 2.98 3.22 1.90 9.53 9.54. 16.43 
Estimates for 1966/67 generation: d.f. Sires - 9; i)ams - 38; 	Individuals - 154 
Estimates for 167/68 generation: d.f. Sires - 5; Dame - 30; Individuals - 128 
TABLE 8 
Summary of estimates of heritabilities, genetic 
correlations and phenotypic standard deviations 
within the last 2 generations of Ratio selection 
Strain 5 
Body Weight 	Egg Weight 	 Egg Numbers 
2 	12 	28 	44 28 	44 20-44. 	44-60 20-60 h weeks weeks weeks weeks weeks 	 weeks weeks weeks 
Body Weight 
12 weeks 	(3) 0.71 	0.688 0.623 0.598 0.4.77 -0.053 0.237 0.328 0.303 
(4) 0.35 0.524 0.509 0.633 1.018 -0.176 0.4.26 0.186 0.326 
28 weeks 	(3) 0.81 0.924. 0.638 0.734 -0.0144 0.4.63 0.571 0.547 
(4) 0.66 0.977 1.010 1.069 0.228 -0.019 -0.259 -0.14.3 
44 weeks (3) 0.75 0.564. 0.572 -0.013 0.4.53 0.4.89 0.4.89 
(ii.) 0.79 0.879 0.793 0.252 -0.008 -0.139 -0.076 
Egg Weight 
28 weeks  0.57 	1.044 0.039 0.345 0.4.68 0.362 
 0.66 1.164 0.147 0.037 -0.344 -0.154 
44 week. ~3 ~  0.23 0.295 -0.096 0.411 0.237 
4. 0.35 -0.066 0,299 -0.003 0.161 
Me 1st Egg:  0,68 -0.558 -0,131 -0.291 
(i.1.) 0.71 -0.884. -0.570 -0.772 
Egg Numbers: 
(Part Record) 
20-44 weeks (.3) 0.32 0.888 0.953 
 0.74 0.812 0.956 
44-60 weeks  0.56 0.986 
 0.65 0.947 
20-60 weeks  0.55 
 0.82 
go 	go 	go go 	go wk. eggs eggs eggs 
p ~ 3) 
98.0 	164.7 	179.7 2.95 	4,02 1.21 7.63 10.46 15.94. 
4) 70.4 	150.5 169.3 3.4.9 3.56 2.44 12.27 12.16 21.39 
(3) 	Estimates for 1966/67 generation: d.f. Sires - 12; Dams - 4.0; 	Individuals - 205 
(4.) Estimates for 1967/68 generation: d.f. Sires - 	 5; Dams - 32; Individuals - 	 99 
A P PE MDIX 
Numbers of brooders used to reproduce the Selected Lines 
TABLE 1 
Numbers of effective breeders in selected lines 
and predicted increase in average inbreeding 
Strain 2 
Egg Weight Line Body Weight Line 
Year Mated Sires Dams L)F* Sires Dams 
1962 33 33 .008 35 35 .007 
1963 14 54 .011 15 48 0011 
1964 15 60 0010 15 59 .010 
1965 16 66 .010 16 62 .010 
1966 12 52 .013 13 49 .012 
Cumulative inbreeding: 0.052 0.050 
Regression Line Ratio Line 
Year Mated Sires Dams F* Sires Dams 
1963 15 48 .011 15 47 0011 
1964 15 64 .010 15 61 .010 
1965 14 52 .011 15 55 .011 
1966 14 47 .012 12 43 .013 
Cumulative inbreeding: 0.044 0.045 
'L 	(approximately) 	- 
+ 8N 	TNr 
Body Weight Line 
Sires 	Dams 
27 27 .009 
15 56 .011 
16 48 .010 
12 55 .013 




15 50 .011 
10 37 .016 
13 53 .012 
6 38 .024 
0.063 
TABLE 2 
Numbers of effective breeders in selected lines 
and predicted increase in average inbreeding 
Strain 5 
Egg Weight Line 
Year Mated Sires Dams,  
1962 26 26 .010 
1963 15 57 0011 
1964 15 42 0011 
1965 13 58 .012 
1966 11 43 .014 
Cumulative inbreeding: 0.058 
Regression Line 
Year Mated Sires Dams 
1963 15 59 .010 
1965 11 46 .014 
1966 10 48 .015 
1967 6 35 .024 
Cumulative inbreeding: 0.063 
1 *AF (approximately) . 	+ 
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Egg weight and body weight in the fowl are genetically positively 
correlated aø that a change in one of the traits in a given direction 
is expected to be accompanied by a change in the sane direction in the 
other. It is probably to the net economic advantage of the poultry 
breeder, however, to attempt to select these two traits in opposing 
directions, i. e. reduced body weight but increased egg weight, provided 
rate of lay is not impaired in the process. 
This thesis is concerned with describing the results of a 5-year 
selection experiment which net out to test the feasibility of selecting 
for lower body weight or higher egg weight without incurring the 
expected associated change in the correlated trait. 
Four sub-lines were established within each of 2 strains (32 and 
S5) of White Leghorns, while a pedigreed,, random-bred population also 
derived from the same base population was maintained as a control line 
within each strain. The selection lines comprised:- 
Selection for increased egg weight (Egg Weight line). 
Selection for decreased body weight (Body Weight line). 
Selection on the value of the ratio of the individual 
hen's egg weight to body weight (Ratio line). 
Selection on an index taking the form, I = Egg Weight - 
(b) Body Weight (Regression line), b in this instance 
being the calculated average genetic regression of egg 
weight on body weight in the base populations. 
Both body weight and egg weight had estimated heritabilitiea of 
approximately 0.50 from variance analyses in the base populations and 
a genetic correlation between the 2 traits of the order of +0.3 to 
+0.4. 
Selection for high egg weight or low body weight in lines 1 and 2 
over 5 generations was apparently equally effective (realised 
heritabilities around 0.40). Body weight selection was accompanied 
by! 
Use other side if necessary. 
